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INTRODUCTORY PROCEEDINGS 
MINUTES OF THE TWENTY-SIXTH ANNUAL MEETING OF THE SociIETY oF NavAL ARCHI- 


TECTS AND MARINE ENGINEERS, HELD AT WITHERSPOON HALL, PHILADELPHIA, Pa., 
THURSDAY AND FripAy, NOVEMBER 14 anp 15, 1918. 


FIRST SESSION. 


THurRSDAY Morninc, NovemMBer 14, 1918. 


The President, Mr. Stevenson Taylor, called the meeting to order at 9.55 a.m., and 
said :—‘‘Gentlemen, I now call to order the Twenty-sixth Annual Meeting of the Society of 
Naval Architects and Marine Engineers. The first business in order is the reading of the 
annual report by the Secretary-Treasurer, Mr. Daniel H. Cox. I presume he will read that 
in brief.” 


Mr. Cox presented the following report :— 


REPORT OF SECRETARY-TREASURER. 
NoveMBeER 13, 1918. 
To the Council of The Society of Naval Architects and Marine Engineers :— 
GENTLEMEN :—I have the honor to submit the following report showing the condition 
of the Society at the close of the fiscal year ended October 31, 1918. 
The membership of the Society November 1, 1918, was as follows :— 
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Members -.--.-..-- 640 S01 48) | ae2 |) 2 11 | 726 8 9| 709 
Associates-...-....- 190 2 | Si) = +1 il |) Pill 4 5} 202 
Times bopgocenwoes 29 11} — | —2} —1/ — — 37 | — = 37 
Life Members -.-.-.- 5/| — —|— — et == 5 A 4 
Life Associates...... 5 1;—/]— — — _— 6; — — 6 
Honorary Members. . 1; — —}— — _ _ i = — 1 
Honorary Associates.. P| —}— — — _ 2 1}; — 1 
Totals dino widia aoe 872 | 129; — | — = 3 16 | 988 14) 14]! 960 
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xil INTRODUCTORY PROCEEDINGS. 


FINANCIAL 
RECEIPTS. 
From November 1, 1917, to October 31, 1918, inclusive. 
Entrance fees of new members for the year ending December 31, 1918:— 
IN ra eA Oe REA ete MMe a iene Heenan rain aonanin Ae ola rico Walnn dita Algikh $860 00 
VASSOCIATSS Bid ed ledct ote daletates Ghdvelaselie aleve pa ese FoI nea a leva eta eV ere aa ett erga IU MeSPep Ree fatale tals 240 00 
JEMHONS, Bovoobodadaaaoongananaednoocuosccoaccdad! sonaodubadcoouDGendosqasov0aonaKD 50 00 
—— $1,150 00 
Entrance fee of new member for the year ended December 31, 1917:— 
VIG SOCLALEL eee ke sek eee SIU RTE IDI EET 0 Eo] Solu sb ca AUREL) ore cel rR oe ae eS NET ie aya [ou ate 10 00 
Dues for the year ending December 31, 1918 :— 
INMer DET Sissel Leela elevate eee res crete tetas iashade tails aolefelapoictavatalafe tater si rallarel stetatokeevemaeetste pavers ToleTs $6,090 00 
NGAGE EY SR RAE ns CeCe AR nd Grin ROSH Ede HABHEH EE SA UAroodod ollocccene on 1,760 00 
TEMES, Hab cdssnobsosdoadbecesddoovodsboadonab econ auodauRcvadoopcoacfodundpanagauc 135 00 
—— 7,985 00 
Dues for the year ended December 31, 1917:— 
INAveranty erst i) ete ease eee AN a bee Lae IAP RM NE Ld OT IR SIE dra erst avr ote $545 00 
PNECCTOET Toi ERE GE EER te RE AN Mia rin nm Ht RIOR Ree Hons WAR a Alain Cada ace 260 00 
TOBVORS, Goosooocdbosodonons cous 0000 LoyosgooUSHoODOGs HOaDBSDODDODODODODOCCODDOURONOE 10 00 
oo 815 00 
Dues for the year ended December 31, 1916:— 
INSTA BTS fcc eh chase AhLds Pade etapa etalere ls raters us aval etalelaven ooatal en foyevel aay spot etelatepedauale cstiystes paneer siatets $120 00 
UNGER SE) CSE NUS aan an CRM atnd MMO BCH On nooou ab SOOO G OOOO OOO CaN Bap Choo 50 00 
\ JERWORS cca oscocodsoouacsoauDusseodousaGcaneDNC GEIS CEST A ASSN ets eae on orc aimee 5 00 
— 175 00 
Dues for the year ended December 31, 1915:— 
INIT SO AOR EG Banco Ue uot Bb ou ouanosaoKbOLGdecAudododo.doptsadsnoovooh Gobodsde $80 00 
ANGROBANES oosccvso0cssnocaboa soso 00000duDOOODO Aabudosaonamcocunddabees doudeagcdS 10 00 
—_—— 90 00 
Dues for the year ended December 31, 1914:— 
INIGrNace acopbenoopeoadcocasbbaccontianaoonabocodsmoleCBoodEDGUdOON OOO soadGouCUO $30 00 
INGSOGENES Sa dbo cbousvedssodosowon ssenncossopoogoo no DO osocoUsoCbOCOeD DOD AGOOBS000o 10 00 
i f ——. 40 00 
Dues for the year ended December 31, 1913:— 
IN ES i1le) SCR Ge A eee een en RR TE Sy SPARE SOS SH ain a hair chs Go OOOO One a ob.0o 10 00 
Entrance fees and dues paid in advance :— 
Entrance fees for November, 1918, meeting...:.............0-0ce--eceeceet neces $175 00 
Life associate member ............... TORRE Gat Seat ve nee a) Mt Ds Sao On Suan 200 00 
Une MG GO) also oagoadeooooboascooddassaboDdoodoab ooonbodoodoonOaCb AC 5 00 
NAV ATI GE SACULES), Voi chai ciacoie ce eee ac ah-aeva sa s0a sesete lovare tia) aC arete eet eT eae To Tavira et Care oe Saree ee a a ate 205 00 
—_-. 585 00 
Dueshinvarnearsyremstatedmnemben-ny- pcm eresiieterreerenieeicierreteeticcrionece rierek eee 40 00 
Motaliteesnand dues collected 2.25 seacsiacian te iaelsteccke ea ster reo Ceerove choise avert erases $10,900 00 
Sales of Publications :— 
Society transactions to members and dealers...................c cece cece e eee eee e ee $1,096 00 
Specialmeditionsmot paperseener rere cetete ere sere rieee terete teeter err ereecerrt 180 50 
——— 1,276 50 
Exchangelonsremittancesssm em bers@i@ ues se.)n-tne eee eerie cies er eceeGeke sere tee reer 4 90 
Banquet. vannuallimeeting WGI aaiycreiele\sleis aecietinie locereeerel telsoiteete eerste seleiteicorelerseee iets 2,870 40 
Subscriptions for expenses, annual meeting and banquet, 1918...................0.0.e sees seen eee / 2,400 00 
Banquet, annual) meeting, 1918) resenvations\. jos cl)leestesielesietisieieiieleieeisisiecicleiseieiiielsieicitertse iia 495 00 
Sales ofiofiiceymaterialy sy ete ei fis eA SI ot LTS Aaa cl estate ae at eee erate Ae a aut tel eae 5 00 
emo jrdvza Gloynewor, JBL IL, UNkebtiens ss oad aaccscsoobdb seansoodedaqaac9ancoongbc ado gooMoSBaDHOOS 100 00 
Proceeds of Liberty Bonds sold for reinvestment later i sue..............0.ce cece e cece eset eee 1,004 64 
Interest:—Prombinvestmentsucsntvtee scat cleeieciceieielevsesla iia eee coi tieiteteeeen sires $1,087 40 
Hromiibankjbalanceswersderjerccustetcleretetere eke ictene elo tele cise ie ocr oieeiasttolre UA 32 10 
1,119 50 
MNO EMMNCaaEN AHMED US dBE Nao sdOMAHoabede budddodbpodoaubodedoomdongoswecdooHopabes $20,175 94 
Balance, cash in bank and on hand, November 1, 1917... 2.2.22... 0.0 occ cece eee eee e esac reese se - 1,481 60 


$21,657 54 


INTRODUCTORY PROCEEDINGS. xiii 
STATEMENT. 


DISBURSEMENTS. 
From November 1, 1917, to October 31, 1918, inclusive. 


Publications :— 


JETHRTRN WG) FETS) pe GAC HIRO OTIC DOS DUOC OHI BISCO CoC TEICU ES AO Wa RRO $5,958 04 
IIEMIDENSMIDMYCALIDOOK ifc,cto: lehaatets mtevecamed anatelal sve ciasetalivere rea rsiarstasaisisveleders miei ndaisloe ajacearerenns 250 40 
RGUWALGINeMVONIMeS ands Papensnccdrartelciicsc ci stslehue eraainal stale sbotelaversts elas eratemsiaeraiele lois alare 45 38 
MILO CALC MOLMVOLUIMLES os clersscrsis ayo torslatererene et wtatotete rete leba etait orehe ve (erative mtonctedalaniatareietalenisystdwte slave 185 35 
$6,439 17 
enmormsare deposit box, Pranklinudentrst: Company scam sccice ecole sas cee iclee slow e Sesiewleisla scan einvers 5 00 
Eempenses,coth) Annual Banquet, November, 1907 ye ae ldais cere. alse oe selene etek srcleals slaisieacaleve nates 2,643 55 
ixpenses, aoth Annual Meeting, November, 1917.0. i (ccc. lice cece sc ceecccecestecccecccsecusns 758 25 
Expenses, 26th Annual Meeting, November, 1918...............ccccecceeesceseceescceessess riche 149 35 
Berchanre Onpremittances, Members, Geseicis clehaiciiae ea aerenecloilove nievee veieioie cteleieisielelialslalale salaeaie niesiee 8 61 
SELES | Chea CTC ES SISTER Ry aE A era) cle ey ly Ol EL IO Ee a ng OA ae RU 2,029 88 
Aiaitonbooksiand accounts to November 11917. viet ccn «ccs cic cele scaioctisis cai cece ccsiesjelociclle 190 00 
vest CO TIES O CLE Lp LO OTIS iia ray=sop assis tel svere Gcelcia:chete ait roner eral s teeta PoP rei iealis oes sila elate’s felurela ay slavehalaveterevavalelatere o)cnate 294 00 
Office expenses, postage, stationery, etc........... Tre i eat pe le bE aca aS COA aE a Ue PE 1,184 39 
Mcemedunterest on Liberty (Bonds) purchased. /:tjciej cette secise se cistsieie sissies cisiovereisioie ait cisieleislsieie « Sitele ele 31 87 
Investment :— 
Pie cHaseKo te Enperty ps On asi viu svete suae athe eave easier pray e NSPE rere LSC NEC A yan) eon iaLILE UME S MLO LL AS 2,970 00 
MRotalidisb tree e ints! 72/.0e sae aay seke ey vpier eave ava ate Ter esate a Taypoelove wien cl orepebaterte lnicucvarmtevei ele wraeson $16,704 07 
Balance cash, October 31, 1918 :— 
smpbinccarilelimapelertis tay © Omipam yen arses ec \erasoperstoteosve ay ceayate AL iotore ate ataveter charevets latshotcvatoloce  lerecavehads $4,910 53 
Om lama Geaesdundoueot CHOU SSA GOr Hore TORO rm bR tas Goo Cee etn Renton eae nents 42 94 
; : —— 4,953 47 


$21,657 54 


xiv INTRODUCTORY PROCEEDINGS. 
Deatus (14): 
Honorary Associate (1). 
Rt. Hon. Lord Brassey, K.C.B. 
Life Member (1). 
Edwin A. Stevens. 
Members (8). 


George W. Dickie. 
Charles R. Hanscom. 
Robert Logan. 
George W. Magee. 


Ignatius E. Thayer. 
William H. Varney. 
John D. Van Buren. 
John F. Wentworth. 


Associates (4). 


Harry B. Bloomsburg. 
Frank S. Masten. 


Thomas S. Matthewson. 


Jacob W. Miller. 


RESIGNATIONS (14). 
Members (9). 


George F. Adams. 
Lee S. Border. 
Harry L. Brinser. 
Thomas S. Hall. 


Harry W. Hand. 
Charles H. Manning. 
James S. Morton. 
Alfred H Raynal. 


William E. Reynolds. 


Associates (5) 
E. F. Eggert. 


John M. Emery. 


James A. Guthrie, Jr. 
Anton A. Raven. 
William H. Ripley. 
The following delinquencies exist in the payment of dues :— 
For the year ended December 31, 1914 :— 


Miler bers ahr ciciavstersnct nner site tesa ltess Misane? adecenes taieceHl RMN aR aaa $20 00 
UNSSOCIALC SUP Hat stel salein ts ha, oe atta ee aI ey ARO A an 10 00 
’ For the year ended December 31, 1915 :— 
IMieria pers Wyte tee pa ier es che i a $130 00 
FAIS S OCLATE SIN MUAB Hu raeltcsite Nai ls (ul: el ence A LA Ge apa oa ee 40 00 
For the year ended December 31, 1916 :— 
Miemibersaiei vey ranetie ty eirey 0) Seat ce 0) a ag re a $200 00 
PNSSOCIATES Ys TMi te tsenece iN 3 tN Nia fau 5: 27 al PRR A a 60 00 
UES Yee ey NUNIT 2 20s a eR eae 5 00 
For the year ended December 31, 1917 :— 
Members eee ioinre aieyaa coer SU G20 Lai Cal a aa Ae ea $370 00 
ASSOCIATES ys aus ester ea ny Ucn. 0 t/a) Me AR aE a GEE 85 00 
JAMES See ae eS Sy eee ee A Ue ae 20 00 
For the year ended December 31, 1918 :— VER 
Mermbe rst oie eR UNE) eA EUR a $1,160 00 
ASSOCLA LES oil kite A ENIAC ILA LIE aly EAE aN and Ta 380 00 
Jemiors: | op pe Ae RA gr EA 55 00 


Metal outstandine duesiat Octoberisl OS yee ee enna 


$30 00 


170 00 


265 00 


475 00 


1,595 00 


$2,535 00 
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Statement of Resources and Liabilities. 


RESOURCES. 
MIRRIEREES TE POLEC SSeS P ch 2 <1 nt sh ya fang (lc ehed csr oh cok ai te aas'n he, cpariaie access at $2,525 00 
Deductions :— 
[DIGERINS 3S ere el GHRGIA Ete ot OOD RREU ES Ect re ck aC $40 00 
ONES STITT TOS SP RA AUER a 200 00 
Wott btitl Accounts ys ak sk lcomven eaters ete aise 200 00 
440 00 
$2,085 00 
Dues from dealers and individuals for volumes................0.0ceceeeee 748 00 
Office furniture and equipment at 30 per cent of cost ................... 885 00 
Publications on hand :— 
Previous to volume No. 18 at 50 per cent of | 6.744 37 
MolimnesuNoes- 19 tor25; inclusivesatcost) is (or 6) i : 
Investments :— : 
Municipal Bonds, City of New York, at par ............... $12,000 O00 
4 Baltimore and Ohio R. R. Bonds, 1933 convertible, at cost.. 3,925 00 
3 Central Pacific Railway Co. Bonds, 1949, Ist refunding, at 
COSTER ERI sre tee wa EA aN IC) Oy HET ES 2,651 25 
2 Morris and Essex Bonds, 2,000 refunding, at cost ....... 1,732 50 
liheniyale oan Bomdst iis iis ccusierans sc 8 cei meta ee eos ain cts aN alee 2,990 00 
———_——— 23,298 75 
Sash) ou deposit, Hranklin Trust Company..:.2.-2-.62...:-.--- $4,910 53 
Casin, @imy Voemaral (G8 ei aSi crate te aa Re RPA UR Sse ies Selo ur Se 42 94 
—_—__——— 4,953 47 
MOEAERESOUNGES Rei Ne a uin eke MCN OD ORMeL PHRA ARG MESSE? PENG oS uisalins Seale a $38,714 59 
LIABILITIES. 
Peaidigmancier, LOLS) paid im advatice), {6 Yuka chicyeee)\- cere cle alse oaks $460 00 
Subscriptions for expenses 1918 annual meeting ........................ 2,400 00 
Members’ fees and dues paid in advance..................-2 00s esse eee 390 00 
Volumes paid for and and not delivered owing to transportation embargo.... 197 21 
Junior prize donations, H. L. Aldrich, Member of Council ................ 100 00 
Total liabilities ....... UH NORE aa gu BEM MPRUTPER Kenyon 2S UNL A $3,547 21 
Smetenasipresent worth at October 31, 1918* . emesis ee ee 35,167 38 


$38,714 59 


*By the provisions of the Endowment Fund, adopted in 1914, the division of the Society’s present worth 
at October 31, 1918, is as follows :— 


Balancevat November T1979. 5 5)..)cise.s. ts o:es e-aicrs ntere a sie lsalepaiers eletiejels, oeiets IN aad anectoin SoBe $15,950 00 
Additions, 1917-1918 :— 

Membership) entrance: f6es! 2... hee se sh sive Mociatte ease cies ie as eee eerie $1,540 00 
Investment income, municipal bonds......... 0.2... eee eeee eee cette etter eens 490 00 

2,030 00 

Balance at October 31, 1918, Endowment Fund............ 0.0... cece eee e cece ec eee eee eeeees $17,980 00 

INetmassetswothernuthanelndowimenta umd: siciracictcrtereiicieteiietoeiraiencincicieremicisicierseioinicleicne siete 17,187 38 

$35,167 38 


The financial statements have been verified by Webster & Mills, Certified Public Ac- 
countants of New York. 
Respectfully submitted, 
Danie H. Cox, 
Secretary-Treasurer. 
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SECRETARY Cox:—Mr. President and gentlemen, the report has been distributed to all 
the membership, and I will just touch on the essentials. With respect to the membership, 
a statement is shown on the first page. On coming to this meeting we have a membership 
of 960. A year ago, at the same time, the membership was 872. At the last annual meet- 
ing there were elected 129, but this was reduced owing to deaths, resignations and suspen- 
sions. The Society will be interested to know that there have already been received and fav- 
orably passed on by the Committee on Membership and by the Council 440 new members 
for election this year, so that if we did very well last year in getting 95 new members, and 
as our total membership now is less than 1,000, we are to be congratulated on having se- 
cured at least 440 new members this year. I think, as a matter of fact, the number of appli- 
cations for membership will probably go over 500, as there are a large number of applica- 
tions on their way to us. 

The statement of receipts and disbursements is interesting. The essentials are that we 
have purchased during the year $3,000 of Liberty Bonds which are added to our assets, and 
we also have $1,000 more cash balance than last year; as all bills have been paid, our actual 
present worth is increased over last year by $4,000. AY 


The Secretary then read the list of deaths of members which had occurred during the 
past year. 


Tue PRESIDENT:—The members will please rise in memoriam. 


Many of these names, gentlemen, appeal to me personally, because 1 have known most 
of these men for a great many years. I wish to take the opportunity of referring to three 
or four. 

The Rt. Hon. Lord Brassey—Those of you who have had the pleasure of meeting Lord 
Brassey will remember his strong, virile character and his great accomplishments. I shall 
never forget, in 1911, when he presided at a meeting, he suddenly called upon me to make an 
address. I had not the slightest notion of making any address, but his manner seemed to com- 
mand me at once, and I naturally acceded, and, I may say, with pleasure. 

Col. Edwin A. Stevens—I have been associated with Col. Stevens in many things for a 
great many years past. He gave his life to his country, because he was overcome by illness, 
an outcome of his labors. He was taken ill with pneumonia, and died as truly for his coun- 
try as a man in the trenches. 

Mr. George W. Dickie—Mr. Dickie wasa fine, manly figure from San Francisco. You 
will all remember that he read a number of papers before this Society. They were of much — 
value, and he was always interesting in discussion. He wrote a letter in August last, saying 
that he expected to be here, and complimented the Secretary on the subjects of the papers 
to be read. He died within a few days after writing that letter. 

Mr. George W. Magee—One of the oldest members in the Society by age. He was an 
assistant of the Engineer-in-Chief of the United States Navy in the early Civil War years. 
He was a genial gentlemen, highly esteemed by all who knew him. 

Commodore Jacob W. Miller—Commodore Miller, as you well know, was very promi- 
nent at all of our meetings, taking part in papers and discussions, and always adding to 
the interest of the occasion, whether meeting or banquet. 

Referring to the last three mentioned, Colonel Stevens, Mr. Dickie and Commodore 
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Miller, it is fitting to say that the Council has passed resolutions setting forth, more fully 
than I need do here, the history, worth and service of these gentlemen. These resolutions 
will be published in the transactions and an engrossed copy sent to their respective families. 

So our friends and fellow-members pass on from year to year, and we hold in reverence 
their memories. 


THE SECRETARY :—The next subject dealt with in the Secretary-Treasurer’s report is 
that of dues not paid up, and in that matter we are also better off than usual.’ We have $500 
less outstanding dues this year than last year. 

The last sheet gives an itemized statement of resources and liabilities, and the most in- 
teresting feature of that is the statement at the bottom with respect to the Endowment Fund. 
That fund, as you will see, is now within $20 of $18,000, being $17,980, which is a very large 
addition to the sum we had when we commenced. 


THE PRESIDENT :—It is my pleasure to announce to you, gentlemen, that yesterday after- 
noon at the meeting of the Council there was nominated as president of this Society, to suc- 
ceed the present incumbent on January 1, 1919, Rear Admiral Washington Lee Capps. 
(Applause.) May I assume from your fine and enthusiastic applause that we can call him 
president-elect by acclamation? I shall so do. I congratulate the Society on the election 
of Admiral Capps. 

The Council also elected as Honorary Vice-Presidents, Rear Admiral D. W. Taylor and 
Mr. W. M. McFarland. 

For Vice-Presidents, for the term expiring December 31, 1921:—Lewis Nixon, H. J. 
Cone, C. H. Peabody, and J. W. Powell. 

H. D. Goulder, vice Commodore J. W. Miller, deceased, for the term expiring December 
Sie O19: 

W. J. Baxter, vice W. L. Capps, for the term expiring December 31, 1920. 

H. A. Magoun, vice D. W. Taylor, for the term expiring December 31, 1920. 

C. P. Wetherbee, vice W. M. McFarland, for the term expiring December 31, 1919. 

For Members of Council, for the term expiring December 31, 1921:—W. G. Coxe, 
A. Fletcher, W. D. Forbes, vice W. J. Baxter; Robert Haig, vice H. A. Magoun; J. H. 
Mull, and R. H. M. Robinson. 

For Member of Council, for the term expiring December 31, 1919:—Spencer Miller, 
wice C. P. Wetherbee. i 

For Member of Council, for the term expiring December 31, 1920:—C. F. Bailey, vice 
J. W. Powell. 

For Associate Members of Council, for the term expiring December 31, 1921:—E. M. 
Bull, and C. M. Wales, vice H. D. Goulder. 

As Executive Committee:—Messrs. Stevenson Taylor, Andrew Fletcher, W. M. McFar- 
land, F. L. DuBosque, and J. W. Powell. 

As the Committee on Papers:—Messrs. W. M. McFarland, F. L. DuBosque, and H. L. 
Aldrich. 

Last, but by no means least, Secretary-Treasurer, Mr. Daniel H. Cox. 

I hope that all of these elections meet with your approval. 

The Secretary has announced to you that there are 440 applications for membership, 
which have been passed upon by the Committee on Membership and the Council, and there 
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will probably be 500 before long, but to save time I will take the liberty of not having these 
names read, assuming that you will be satisfied with the judgment of the Committee on 
Membership and the Council. Those of you who are in favor of this procedure will say 
“Aye”; contrary-minded, “No.” It is unanimously carried, and the names as passed by the 
Council will be entered upon our list of membership in the respective grades. 


Members (308). 


Thomas H. Addie, American Manganese Bronze Co., Harrisburg, Pa. 

Frederick W. Allan, 20: Dorchester Road, Buffalo, N. Y. 

Jean H. Allen, 5006 Dorchester Avenue, Chicago, Ill. 

Thomas J. Allan, 578 Orange Avenue, Long Beach, Cal. 

Clement G. Amory, Gas Engine & Power Co., and Charles L. Seabury & Co., Morris 
Heights, N. Y. 

Arthur G. Anderson, 405 First Street., San Pedro, Cal. 

Walter E. Anderson, 1822 9th Street, Alameda, Cal. 

James D. Andrew, The Lenox, 13th and Spruce Streets, Philadelphia, Pa. 

Henry E. Ankener, Terry Shipbuilding Corporation, Savannah, Ga. 

George A. Armes, 1155 Greenwich Street, San Francisco, Cal. 

David Arnott, 104 Hillside Avenue, Orange, N. J. 

William G. Atherholt, 415 Victoria Place, Toledo, Ohio. 

Herman G. Babcock, 938 16th Avenue, N. Seattle, Wash. 

John C. Baine, 1144 E. 18th Street, Brooklyn, N. Y. 

James F. Barber, 6721 N. Sydenham Street, Philadelphia, Pa. 

Howel H. Barnes, Jr., General Electric Co., 120 Broadway, New York, N. Y. 

Joseph A. Barton, Lieut., C. C., U. S. N.,199 Van Buren Street, Brooklyn, N. Y. 

Ivan E. Bass, Commander, U. S. N., Navy Yard, Boston, Mass. 

Walter R. Bean, 124 N. Davis Street, Woodbury, N. J. 

Walt B. Beebe, 206 11th Avenue, N. Seattle, Wash. 

Walter J. Belsey, 91 Wellington St., Glasgow, Scotland. 

William Bennett, Lloyd’s Register of Shipping, 17 Battery Place, New York, N. Y. 

Charles E. Betts, 1538 Harlem Avenue, Baltimore, Md. 

John F. Blain, U. S. Shipping Board, Securities Building, Seattle, Wash. 

David Blair, 2129 W. 93rd Street, Cleveland, Ohio. 

George L. Blatz, Jr., 437 Oak Street, Audubon, N. J. 

Ernest W. Blockridge, 507 Orange Street, Wilmington, N. C. 

Alfred V. Bouillon, C. E., Empire Building, Seattle, Wash. 

William Boyd, P. O. Box 269, New London, Conn. 

Hugh Boyle, 425 King Street, Jacksonville, Fla. 

Ralph W. Bragg, 64 Pearl Street, Bath, Maine. 

Alexander de Bretteville, 163 Main Street, San Francisco, Cal. 

‘Everard C. Brewer, Brewer D. D. Co., Mariners Harbor, S. I, N. Y. 

Julian G. Broaddus, c/o Atlantic Corporation, Portsmouth, N. H. 

Robert Brown, Room 611, Securities Building, Seattle, Wash. 

Charles C. Brush, R. F. D. 3, Chevy Chase Br., Washington, D. C. 
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Albert H. Bryant, 837 Northwestern Bank Building, Portland, Ore. 
Loren B. Bugbee, 8415 Ardleigh Street, Philadelphia, Pa. 

James Bullock, 1445 4th Street, Alameda, Cal. 

John E. Burkhardt, 59 Pearl Street, Bath, Maine. 

Henri L. Capdevielle, 147 Middle Street, Portsmouth, N. H. 

William L. Cathcart, 1253 Irving Street, N. W., Washington, D. C. 
William Chisholm, 701 Arimo Avenue, Oakland, Cal. 

Albert Christen, 1795 Cedar Avenue, Morris Heights, N. Y. 
Creighton Churchill, Box 272, Haverford, Pa. 

Reuben B. Clark, Lieut., U. S. N., Wynnewood, Pa. 

Edgar Cockroft, 1915 N. Fourth Street, San Diego, Cal. 

C. Warren. Collins, Palmyra, N. J. 

John C. Collingwood, 618 45th Street, Brooklyn, N. Y. 

Frederick Conlin, 180 Lincoln Road, Westfield, N. J. 

Charles E. Cook, 1117 Collings Avenue, West Collingswood, N. J. 
William Cook, 611 Bright Street, Seattle, Wash. 

William Cornfoot, Albina Engine & Machine Works, Inc., Portland, Ore. 
William J. Cotterell, 139 S. 55th Street, Philadelphia, Pa. 

Percy J. Cotton, 634 15th Avenue, San Francisco, Cal. 

William Cowie, 806 American National Bank Building, Pensacola, Fla. 
Rupert C. Cowles, 342 N. 18th Street, East Orange, N. J. 

William J. Coxey, 428 Linden Street, Camden, N. J. 

Ellis W. Craig, Lieut., U. S. N., Room 411, P. O. Building, Philadelphia, Pa. 
James Craig, 807 Garfield Avenue, Jersey City, N. J. 

Francis L. Cramp, Richmond and Norris Streets, Philadelphia, Pa. 
Hewitt Crosby, 37 Park Avenue, Maplewood, N. J. . 

Samuel B. Crosby, 407 West Union Street, Bethlehem, Pa. 

Albert W. Crouch, 1901 Franklin Street, Oakland, Cal. 

Henry L. Culpepper, 99 6th Street, Ridgefield Park, N. J. 


Louis Dahlgren, c/o Dominion Shipbuilding Co., Ltd., Ft. Bathurst St., Toronto, Can. 


Arthur T. Davies, Manitowoc Ship Co., Manitowoc, Wis. 
(Charles G. Davis, Box 6, Cornwells Heights, Pa. 

Willis E. Davis, General Delivery, Fort Edward, N. Y. 
Erland D. Debes, 417 W. Union Street, Bethlehem, Pa. 
Charles De Cou, P. O. Box 363, Haddon Heights, N. J. 
Harold M. DeGraw, Electric Boat Co., Groton, Conn. 


Lucius F. Deming, General Electric Co., Witherspoon Building, Philadelphia, Pa. 


Thomas C. Desmond, Newburg Shipyards, Inc., 31 Nassau Street, New York, N. Y. 


Edgar D. Dickinson, 111 Brandywine Avenue, Schenectady, N. Y. 
Lorenzo €. Dilks, Carolina Shipbuilding Corporation, Wilmington, N. C. 


Whitford Drake, Commander, C. C., U. S. N., Navy Yard, Puget Sound, Wash. 


G. A. Duncan, Lieut. Commander, C. E. C., U. S. N., Naval Operating Base, Norfolk, Va. 


William F. Ekblom, Pensacola Shipbuilding Co., Pensacola, Fla. 
Ralph Entriken, 1311 N. 57th Street, Philadelphia, Pa. 
Eugene F. Essner, 1243 28th Avenue, San Francisco, Cal. 
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Robert D. Falconer, c/o Oscar Daniels Co., New York, N. Y. 

Benjamin G. Fernald, Wood Norton Apts., Germantown, Philadelphia, Pa. 

William D. Fletcher, 36 Cushing Street, Dover, N. H. 

Jos. L. Fohner, J.. N. McCammon Shipyards, Beaumont, Tex. 

William E. Francis, 101 N. McClellan Street, Schenectady, N. Y. 

Harry E. Fromme, 41 Cornell Avenue, Yonkers, N. Y. 

James Fyfe, Glenwood Landing, Long Island, N. Y. 

James Gaston, 4287 Gilbert Street, Oakland, Cal. 

Leslie E. Geary, 1960 9th Avenue, W. Seattle, Wash. 

Frank Gentles, 5522 Baltimore Avenue, Philadelphia, Pa. 

Lloyd V. Gilliam, 1126 Widener Building, Philadelphia, Pa. 

Frederick W. Goeller, Jr., 451 East 134th Street, New York, N. Y. 

Stanley V. Goodall, Commander R. N., British Embassy, Washington, D. C. 

John E. P. Grant, 4927 Knox Street, Philadelphia, Pa. 

Henrik Greger, P. O. Box 170, Narberth, Pa. 

George Greig, 181 Springfield Avenue, Rutherford, N. J. 

John T. Grey, 635 Bourse Building, Philadelphia, Pa. 

Alfred S. Gunn, Union Plant, Bethlehem Shipbuilding Corpn., Ltd., San Francisco, Cal. 

Alfred H. Haag, 127 Woodside Avenue, Narberth, Pa. 

Roger M. Haddock, Lieut., C. C., U.S. N. R. F., 17 Prospect Street, New Rochelle, N. Y. 

Harry S. Haley, 1506 3d Avenue, Los Angeles, Cal. 

Winford M. Hamlin, 4627 West Willow Street, Seattle, Wash. 

David D. Hargan, 319 Lenox Road, Brooklyn, N. Y. 

Herbert J. Hargreaves, Inspection, Hullsand Machinery, King George Hotel, Mason 
Street, San Francisco, Cal. 

Robert L. Harrison, 104 North Scott Street, Wilmington, Del. 

Joel A. Hayes, 408 Oakland Avenue, Oakland, Cal. 

E. Fenno Heath, R. F. D. No. 4, Hampton, Va. 

Hernard Hedstrom, 249 Pennsylvania Avenue, San Francisco, Cal. 

Edwin G. Helvering, 847 25th Street, Newport News, Va. 

John W. Hendry, c/o Bethlehem Shipbuilding Corpn., Ltd., Bethlehem, Pa. 

Harry M. Hepburn, Inspector, Union Construction Co., Key Rout Basin, Oakland, Cal. 

John B. Heyward, 635 Philadelphia Bourse, Philadelphia, Pa. 

James O. Heyworth, U. S. Shipping Board, 140 N. Broad Street, Philadelphia, Pa. 

Myron F. Hill, 43 West 9th Street, New York, N. Y. 

Allen R. Hunt, 807 Roanoke Street, Seattle, Wash. 

Herman R. Hunt, 29 Park Avenue, New Rochelle, N. Y. 

John Hunter, 21 Bertha Place, Stapleton, Staten Island, N. Y. 

Clarence E. Ireton, 1258 Langham Street, Camden, N. J. 

Charles P. M. Jack, 109 Broad Street, New York, N. Y. 

Alfred H. R. Jackson, 323 S. Weadock Avenue, Saginaw, Mich. 

Oliver M. Jackson, 1102 Kirkham Street, Oakland, Cal. 

Edward G. Jay, Jr., 1714 Delancey Street, Philadelphia, Pa. — 

Sanford C. Jenkins, Louisiana Shipbuilding Corpn., Slidell, La. 

Alfred C. Jennings, 90 North Parkway, East Orange, N. J. 


‘ 
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Hans A. P. Johansen, The Norwegian Veritas, 17 State Street, New York, N. Y. 

Arthur F. Johnson, c/o Fabricated Ship Corpn., Ft. 12th Street, Milwaukee, Wis. 

Frank Johnson, Lieut., C. C., U. S. N., 4342 Leach Avenue, Oakland, Cal. 

Warren Johnson, 921 Hibernia Building, New Orleans, La. 

John P. Johnston, Cutting & Washington, Inc., 149 Broadway, New York, N. Y. 

Christian S. Juell, 116 Broad Street, New York, N. Y. 

George F. Kauffman, 1537 Overington Street, Philadelphia, Pa. 

Melville H. Keil, Skinner & Eddy Corpn., Seattle, Wash. 

James A. Kelly, 7 Mowry Street, Chester, Pa. 

Ward D. Kerlin, Camden Forge Co., Camden, N. J. 

Otto B. Kihele, 19 Baldwin Avenue, San Mateo, Cal. 

James A. Kiley, 461 E. Leoar Avenue, Philadelphia, Pa. 

James P. Klima, 804 N. Spinwood Avenue, Baltimore, Md. 

Ernest Kreher, Tampa Shipbuilding & Engine Co., Tampa, Fla. 

Edward P. Kuenne, Jr., 233 Guyon Avenue, Oakwood Heights, Staten Island, N. Y. 

Carl Lager, Morris Machine Works, Baldwinsville, N. Y. 

Gustav M. Lagergren, 19 Cedar Street, Rosemont, Alexandria, Va. 

Walter Lambert, Steel Shipbuilding Dept., Drummond Building, Montreal, Can. 

Carlton V. Lane, 550: Liberty Street, San Francisco, Cal. 

George W. Levering, Jr., 1412 Lindley Avenue, Philadelphia, Pa. 

Nathan E. Lewis, 1210 Evergreen Avenue, Plainfield, N. J. 

Anders F. Lindblad, 1309 Wilmot Street, Ann Arbor, Mich. 

William L. Locke, A. I. C., Hog Island, Pa. 

James L. Lonergan, 29 Canton Street, Baldwinsville, N. Y. 

Rear Admiral M. Lovatelli, Italian Naval Attaché, 1335 Harvard Street, Wash., D. C. 

Robert J. Lyons, Supply Division, Emergency Fleet Corpn., 140 North Broad Street, 
Philadelphia, Pa. 

James N. McCammon, c/o McCammon Shipyards, Beaumont, Tex. 

Walter G. McConnell, 16 Cabot Street, Portsmouth, N. H. 

James McDermott, Lloyd’s Register, 449 Bourse, Philadelphia, Pa. 

Alexander McDonald, Port Richmond, Staten Island, N. Y. 

James McDonald, 463 Clinton Avenue, West Hoboken, N. J. 

Joseph McDonald, 477 William Street, East Orange, N. J. 

William McKay, P. O. Box 425, Honolulu, T. H. 

James McKellar, 1811 Hughitt Avenue, Superior, Wis. 

Frank Y. McLaughlin, 1014 Government Street, Mobile, Ala. 

Frank A. McMillan, 114 Johnson Avenue, Newark, N. J. 

Ernest P. McRitchie, 1615 San Antonio Avenue, Alameda, Cal. 

Samuel H. MacDowell, 4044 Walnut Street, Philadelphia, Pa. 

William A. Magee, 412 Securities Building, Seattle, Wash. 

John Martin, 68 West 181st Street, New York, N. Y. 

Thomas S. Marvel, 806 C Street, Sparrows Point, Md. 

Edmund J. Mason-Parry, 56 Prospect Street, Hartford, Conn. 

Wm. Milo Meacham, 127 Eleventh Avenue, N. Seattle, Wash. 

Albert D. Merrill, 401 E. 30th Street, N. Portland, Ore. 
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V. C. Metzger, 59 West Johnson Street, Germantown, Philadelphia, Pa. 
Charles W. Mitchel, Amer. Bureau of Shipping, 47 Franklin Building, Baltimore, Md. 
John Mitchell, Spring Avenue, Raspeling, Baltimore County, Md. 

Leland R. Mitchell, 476 Middle Street, Bath, Maine. 

James G. Morgan, 12 Red Bank Avenue, Woodbury, N. J. 

Frederick Morris, 2022 Spruce Street, Philadelphia, Pa. 

Thomas S. Morrison, 206 Park Place, Brooklyn, N. Y. 

B. W. Morse, 50 Broad Street, New York, N. Y. 

Erwin A. Morse, Thames Club, New London, Conn. 

Henry F. Morse, 50 Broad Street, New York, N. Y. 

John William Morton, 2118 Green Street, Philadelphia, Pa. 

M. L. Mosher, 5836 Windsor Place, Philadelphia, Pa. 

R. L. Muir, 900 Pine Street, Philadelphia, Pa. 

James J. Murphy, 1334 Jackson Street, San Francisco, Cal. 

A. J. Murray, 177 Maine Avenue, Westerleigh, Staten Island, N. Y. 
Walter A. Murtaugh, 94 Union Street, Bath, Maine. 

Marvin A. Neeland, c/o New York Shipbuilding Corpn., Camden, N. J. 
Frank Neetzel, 1420 6th Avenue, San Francisco, Cal. 

Eric H. Nelson, 214 Prospect Street, Massillon, Ohio. 

Wm. Andrew Nelson, Pensacola Shipbuilding Co., Pensacola, Fla. 
William T. Nevins, Chickasaw Shipbuilding Co., Chickasaw, Ala. 

Charles L. Newcomb, 57 Fairfield Avenue, Holyoke, Mass. 

William S. Newell, Bath Iron Works, Bath, Me. 

George K. Nichols, 924 West State Street, Trenton, N. J. 

Percy Nicholson, 14 Merrick Villa, Collingswood, N. J. 

Augustin Normand, 67 Rue du Perrey, Le Havre, France. 

Chas. H. Norrlin, 45 Delaware View Avenue, Trenton, N. J. 

Joseph C. O’Keefe, Overlea, Md. 

Roland D. Ortel, 2801 Ulman Avenue, Baltimore, Md. 

Geo. Bruce Palmer, E. F.C. Submarine Boat Corporation, Newark, N. J. 
Harris R. Parish, 605 Haddon Heights, N. J. 

Leslie G. Parker, 1009 N. Reus Street, Pensacola, Fla. 

Edouard Patry, Bureau Veritas, 17 State Street, New York. 

Herbert E. Pickering, c/o Long Beach Shipbuilding Co., Long Beach, Cal. 
Joseph Pohl, P. O. Box 236, Haddon Heights, N. J. 

James Pollock, 818 East 168th Street, New York, N. Y. 

William E. Post, c/o Merchant Shipbuilding Corpn., Harriman, Bucks Co., Pa. 
William B. Potter, General Electric Co., Schenectady, N. Y. 

Jack F. J. Powell, 1208 West 64th Street, Chicago, III. 

James R. Preston, 265 Grand Street, Newburgh, N. Y. 

L. N. Prior, Cynwyd, Pa. 

George Purvis, 661 Atwater Street, E. Detroit, Mich. 

John A. Rae, c/o Los Angeles Shipbuilding & Drydock Co., San Fedso, Cal. 
Paul J. Ralph, 127 South 16th Street, Philadelphia, Pa. 

Frank A. Randall, 1207 Equitable Trust Building, 47 Madison Avenue, New York, N.Y. 
‘Christian Rasmussen, c/o Federal Shipbuilding Co., Kearny, N. J. 
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Harry C. Raynes, The Atlantic Corpn., Portsmouth, N. H. 

Joseph J. Redington, Lieut., C. C., U. S. N., 4718 11th Avenue, Brooklyn, N. Y. 
Merrill A, Reed, Motorship Construction Co., Vancouver, Wash. 

C. Vance Rice, St. Regis Hotel, Seattle, Wash. 

Nicholas Richard, 459 Atlantic Avenue, Camden, N. J. 

James S. Richards, 441% 21st Street, San Pedro, Cal. 

F. S. Richmond, c/o Pensacola Shipbuilding Co., Pensacola, Fla. 

R. Sanford Riley, 228 West Street, Worcester, Mass. 

Alfred E. Roberts, 769 Dolores Street, San Francisco, Cal. 

George Robertson, Setauket, Long Island, N. Y. 

George C. Robinson, 300 East 26th Street, Baltimore, Md. 

Henry C. Robinson, 4526 North 12th Street, Philadelphia, Pa. 

Thomas B. Robinson, 10 Woodland Avenue, San Francisco, Cal. 
Sidney J. Robison, c/o Pensacola Shipbuilding Co., Pensacola, Fla. 
Eugene F. Rourke, 432 Line Street, Camden, N. J. 

Henry P. Savage, 45 Broadway, New York, N. Y. 

John E. Schmeltzer, 6713 Sydenham Street, Oak Lane, Philadelphia, Pa. 
Henry H. Schulze, c/o Bethlehem Shipbuilding Corpn., Ltd., Bethlehem, Pa. 
Edward Seaver, Jr., Box 977, Narberth, Pa. 

Edward T. Sederholm, 206 Perry Payne Building, Cleveland, Ohio. 
George H. Senter, 761 53d Street, Oakland, Cal. 

Andrew T. B. Shiels, 2006 Warren Avenue, Seattle, Wash. 

William L. Six, 6735 Sydenham Street, Philadelphia, Pa. 

Wm. Poultney Smith, Cynwyd, Pa. 

Charles J. Snow, Box 524, Vancouver, Wash. 

William H. Squire, Lieut., C. C., U.S. N., Navy Yard, New York, N. Y. 
Ellis J. Stearns, 1208 Pine Street, New Orleans, La. 

John Stephen, 36 Ellsworth Avenue, Toronto, Can. 

Arthur W. Stephens, Primos, Delaware County, Pa. 

Frank W. Sterling, 1819 G Street, N. W., Washington, D. C. 

Paul P. Stewart, c/o Pensacola Shipbuilding Co., Pensacola, Fla. 
William H. Stewart, 54 Spencer Avenue, Sausalito, Marin County, ‘Cal. 
Chas. H. Stoddard, Heine Safety Boiler Co., Phoenixville, Pa. 

Lewis M. Stoddard, Room 521, Heard Building, Jacksonville, Fla. 
Preston S. Stone c/o Patterson-MacDonald Shipbuilding Co., Seattle, Wash. 
John Strom, c/o Pensacola Shipbuilding Co., Pensacola, Fla. 

Joseph S. Stull, Jr., 807 Station Avenue, Haddon Heights, N. J. 
Massato Sugi, 1 Madison Avenue, New York, N. Y. 

John W. Sutton, 301 Chestnut Street, Haddonfield, N. J. 

Everett W. Swartwout, 63 Maple Avenue, White Plains, N. Y. 

Harry W. Sweet, 563 N. Liberty Street, Newburgh, N. Y. 

George W. Szepinski, The Atlantic Corpn., Portsmouth, N. H. 

H. Birchard Taylor, Richmond and Norris Streets, Philadelphia, Pa. 
Samuel J. Taylor, 2951 Pine Street, San Francisco, Cal. 

Willis G. Telfer, 1090 Vaughn St., Portland, Ore. 

Samuel S. Thomas, 217 Oakland Avenue, Audubon, N. J. 
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St. Clair T. Thomas, 114 West 11th Street, Vancouver, Wash. 

Joseph W. Thompson, 1710 N. 61st Street, Philadelphia, Pa. 

William Mc. Thompson, 1828 Jefferson County Bank Building, Birmingham, Ala. 
William Tinsley, .2013 N. Calvert Street, Baltimore, Md. 

E. F. Tomlinson, 19 Ashland Street, Dorchester, Mass. 

Willliam O. Topham, 101 Administration Building, Newport News, Va. 

Edgar P. Trask, 123 N. Davis Street, Woodbury, N. J. 

Peter Treutlein, Lieut., C. C., U. S. N., c/o Union Iron Works, San Francisco, Cal. 
Henry O. Trowbridge, 146 Jewett Street, Newton, Mass. 

John E. Tull, 5117 Pine Street, Philadelphia, Pa. 

Leonid H. Vasilieff, 4 Carey House, Nr. Old Mill Inn., Pensacola, Fla. 

Robert Velz, Lieut., C. C., U. S. N., Fleet Supply Base, So. Brooklyn, N. Y. 
Hubert C. Verhey, 6714 Sydenham Street, N. Oak Lane, Philadelphia, Pa. 

F. W. G. Unger Vetlesen, c/o Pusey & Jones Co., 139 Broadway, New York, N. Y. 
Albert S. Walker, 1811 18th Street, Galveston, Tex. 

A. O. Walker, c/o Pensacola Shipbuilding Co., Pensacola, Fla. 

William H. Walker, 226 Ohio Street, Buffalo, N. Y. 

W. L. Wall, Lieut., C. C., Hull Div. Navy Yard, Boston, Mass. 

L. H. Wallace, 1565 Columbus Road, Cleveland, Ohio. 

Wm. L. Wallace, Manitowoc Shipbuilding Co., Manitowoc, Wis. 

W. F. Walsh, 938 71st St., Brooklyn, N. Y. 

F. T. Warner, Groton Iron Works, Groton, Conn. 

Charles E. Watson, Alabama D. D. & S. B. Co., Mobile, Ala. 

John R. Watson, 1027 Oxford, No. Berkeley, Cal. 

George H. Wayland, 2502 L. C. Smith Building, Seattle, Wash. 

(Charles B. Webber, Groton Iron Works, Groton, ‘Conn. 

Fred. B. Webster, 452 E. Walnut Lane, Philadelphia, Pa. 

W. W. Webster, Lieut. Comdr., C. C., U. S. N., Navy Yard, Puget Sound, Wash. 
Adam F. Weckler, San Diego Shipbuilding & Drydock Corpn., San Diego, Cal. 
Frank Welsh, Lieut., ‘C. C., U. S. N., Naval Station, New Orleans, La. 

William H. Wetzler, 120 Haven Avenue, New York, N. Y. 

Joseph Wexler, c/o Atlantic Corpn., Portsmouth, N. H. 

Ray B. Whitman, 828 Centennial Street, Sewickley, Pa. 
_A. C. Wilkie, 40 Morningside Avenue, New York, N. Y. 

R. W. Willard, 53 Potter St., Haddonfield, N. J. 

David T. Williams, Heard Building, Jacksonville, Fla. 

G. H. Wilson, 1002 E. Preston Street, Baltimore, Md. 

J. A. Wilson, 420 74th Street, Brooklyn, N. Y. 

J. H. Wilson, 2512 W. 17th Street, Wilmington, Del. 

Robert Wilson, 211 Winthrop Street, Taunton, Mass. 

W. T. Wilson, M-78 Radcliffe Avenue, Harriman, Pa. 

A. A. Winship, 3004 E. Baltimore Street, Baltimore, Md. 

James M. Winston, The Essex, 34th and Chestnut Streets, Philadelphia, Pa. 
W. C. Wittman, 742 E. 12th Street, New York. 

Benjamin B. Wood, 1633 N. 15th Street, Philadelphia, Pa. 
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John Wright, Riverside, Duluth, Minn. 
John Young, 5802 Telegraph Avenue, Oakland, Cal. 


Associates (136). 


Edgar Ames, 1610 Hoge Building, Seattle, Wash. 

P. A. Anderson, 1214 W. 16th Street, Vancouver, Wash. 

Edward P. Babcock, 501 N. 17th Avenue, Pensacola, Fla. 

R, E. Bakenhus, Commander, ‘C. E. C., U. S. N., 140 N. Broad Street, Philadelphia, Pa. 
Robert N. S. Baker, Lieut., U. S. N., Navy Yard, Philadelphia, Pa. 
Lewis R. Banks, Box 1198, Portland, Ore. 

Ingle Barr, Box 229, Pensacola, Fla. 

H. E. Barrett, 1328 N. 12th Street, Philadelphia, Pa. 

W. B. Beebe, Box 1198, Portland, Ore. 

Daniel H. Bender, Comptroller, U. S. Shipping Board, Philadelphia, Pa. 
Thomas E. Benson, 3209 W. Susquehanna Avenue, Philadelphia, Pa. 
H. P. Bentley, 411 W. 13th Street, Vancouver, Wash. 

Arthur S. Bergendahl, Pensacola Shipbuilding Co., Pensacola, Fla. 

G. H. Bonsall, Jr., 56 Hudson Avenue, Haverstraw, N. Y. 

C. F. Boswell, 307 Taylor St., W. New Brighton, N. Y. 

S. N. Bourne, U. S. Shipping Board, 140 N. Broad Street, Philadelphia, Pa. 
Robert Brydon, Jr., 2251 Chambronne Street, New Orleans, La. 

M. J. Burke, 1304 N. Luzerne Avenue, Baltimore, Md. 

Evers Burtner, 81 Laighton Street, Lynn, Mass. 

Charles T. Burton, 224 Bement Avenue, W. New Brighton, Staten Island, N. Y. 
W. A. Campbell, McDougall-Duluth Co., Duluth, Minn. 

W. W. Cargill, Lieut., C. C., U. S. N., Navy Yard, Puget Sound, Wash. 
C. L. Coburn, Ensign, C. C., U. S. N., Navy Yard, Puget Sound, Wash. 
Joseph J. Coney, 915 Pacific Avenue, Alameda, Cal. 

Barton B. Cook, 24 Logan Avenue, Glenolden, Pa. 

B. C. Cooke, Globe Shipbuilding Co., Superior, Wis. 

R. Walter Creuzhaur, 136 S. 16th Street, Philadelphia, Pa. 

W. H. Cullers, 580 E. 22d Street, N. Portland, Ore. 

P. R. Dickson, 12 Sunset Road, Watertown, Mass. 

David R. Dunlap, Alabama Drydock and Shipbuilding Co., Mobile, Ala. 
Max P. Effross, Claremont Apts., Beaumont, Tex, 

Robert R. Elzey, 119 Rhodes Avenue, Collingdale, Pa. 

R. W. England, 1520 Waterbury Road, Lakewood, Ohio. 

Nathan Epstein, c/o Pusey & Jones Shipbuilding Co., Gloucester, N. J. 
Edward P. Farley, 1501 Railway Exchange Building, Chicago, III. 

L. W. Ferris, 2215 Atherton Street, Berkeley, Cal. 

M. D. Ferris, Lawrence, N. Y. 

John M. Foehrenbach, 146 W. 168th Street, New York, N. Y. 

Richard M. Fife, Texas and Water Streets, Mobile, Ala. 

M. D. Fisher, 1516 Elm Street, Bethlehem, Pa. 

Arnold E. Foster, El Cerrite Park, San Mateo, Cal. 
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Arthur C. Freeman, Jr., 70th Avenue and 12th Street, Oak Lane, Philadelphia, Pa. 
R. H. Friederici, c/o Pensacola Shipbuilding Co., Pensacola, Fla. 

Stanley Furstenau, 540 W. Chew Street, Tabor, Philadelphia, Pa. 

L. E. Geer, Manitowoc Shipbuilding Co., Manitowoc, Wis. 

E. S. Godoy, 2855 Richmond Terrace, Mariners Harbor, Staten Island, N. Y. 
Harry M. Goldberg, 1304 N. Barcelona Street, Pensacola, Fla. 

A. S. Goodwin, 3735 Walnut Street, West Philadelphia, Pa. 

John L. Greacen, 384 4th Street, Brooklyn, N. Y. 

M. Thomas Green, 96 Ivy Street, Brookline, Mass. 

W.. L. Green, c/o Luckenbach S. S. Co., Foot of 35th Street, Brooklyn, N. Y. 

S. S. Griffes, 730 W. Lehigh Ave., Philadelphia, Pa. 

Frank E. H. Hamell, Monterista Apts., Overbrook, Philadelphia, Pa. 

Mark A. Hammond, 540 Park Avenue, East Orange, N. J. 

J. W. G. Hanford, 930 Burwell Street, Bremerton, Wash. 

Hans H. Hansen, Structural Draftsman, Pensacola Shipbuilding Co., Pensacola, Fla. 
Max G. P. Hansen, c/o McBride & Law Shipbuilding Co., Beaumont, Tex. 

P. H. Harwood, Pan-Amer. Petroleum & Trans. Co., 120 Broadway, New York, N.Y. 
W. F. Hawk, 4648 N. Hurley Street, Philadelphia, Pa. 

James S. Hines, 576 Sacramento Street, San Francisco, Cal. 

Frederick Holbrook, Brattleboro, Vt. 

George T. Horton, Newark Bay Shipyard, Newark, N. J. 

M. A. Howard, 258 Broadway, New York, N. Y. 

Henry C. Hunter, 30 Church Street, New York, N. Y. 

F. G. Hurst, 313 Hancock Street, Portland, Ore. 

V. M. Jarrett, Globe Shipbuilding Co., Superior, Wis. 

Eugene Kastshik, Rm. 1710, Flatiron Bldg., 5th Avenue and Broadway, New York, N.Y. 
K. F. Kauffman, 1115 Magnolia Avenue, Los Angeles, Cal. 

Wm. L. Kelly, 1303 Security Building, Chicago, III. 

Norman Ker, 1123 Broadway, New York, N. Y. 

Charles E. Kline, 1812 E. Gadsden Street, Pensacola, Fla. 

Thomas S. Lee, 19th and Walnut Streets, The Wellington, Philadelphia, Pa. 
Fred. T. Llewellyn, 190 Park Street, Montclair, N. J. 

William H. Logan, Jr., 3020 E. 6th Street, Long Beach, Cal. 

R. E. Lovekin, 326 Maple Avenue, Drexel Hill, Pa. 

Basil Magor, Emergency Fleet Corpn., 30 Church Street, New York, N. Y. 

G. C. Manning, Lieut., C. C., U. S. N., Naval Station, New Orleans, La. 

C. A. Massey, c/o Globe Shipbuilding Co., Superior, Wis. 

Wm. B. McCarthy, Rosland Mfg. Corpn., Milford, Conn. 

Ira W. McConnell, 300 Riverview Avenue, Drexel Hill, Pa. 

Larned E. Meacham, 437 Smith Street, Seattle, Wash. 

Charles H. Miller, 276 St. Paul Avenue, Detroit, Mich. 

Horace W. Miller, c/o Sydney C. McLeuth Shipbuilding Co., Marine City, Mich. 
Thomas B. Morrison, 1928 Cambria Street, Philadelphia, Pa. 

P. R. Moses, 366 5th Avenue, New York, N. Y. 

George C. Muhlfeld, 1709 Rittenhouse Street, Philadelphia, Pa. 

Hal G. Mullen, P. O. Box 256, Newburgh, N. Y. 
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L. W. Murray, P. O. Box 599, Portland, Ore. 

John D. Myers, Emergency Fleet Corpn., 116 Broadway, New York, N. Y. 
August Nagelvoort, Inspector, Emergency Fleet Corpn., Cleveland, Ohio. 
H. C. Neumann, 134 Sutherland Road, Brookline, Mass. 

S. B. Nevins, 170 Perry Street, Oakland, Cal. 

Wm. C. Newman, 39 Ivy Street, Boston. Mass. 

Maurice Nicholls, Navy Yard, Portsmouth, N. H. 

Ray W. Oakley, 1115 E. 27th Street, N. Portland, Ore. 

Nelson Ogden, 1322 Locust Street, Philadelphia, Pa. 

George O'Neill, 110 Bay Street, City Island, New York, N. Y. 
Harold L. Paige, Y. M. C. A. Building, Oakland, Cal. 

H. M. Palmer, 312 West 102d Street, New York, N. Y. 

W. J. Parslow, Gas Engine & Power Co., Morris Heights, N. Y. 

Harry H. Perkins, c/o Merchants Shipbuilding Corpn., Harriman, Pa. 
Joseph N. Pew, Jr., c/o Sun Shipbuilding Co., Chester, Pa. 

Seton Porter, 52 William Street, New York, N. Y. 

Charles L. Putzel, Ames Shipbuilding & Drydock Co., Seattle, Wash. 
H. W. Robertson, White Haven, Md. 

Walter W. H. Robinson, c/o Div. of Steel Construction, Emergency Fleet Corpora- 

tion, Philadelphia, Pa. 

Stephen G. Rockwell, c/o A. I. S. C., Hog Island, Pa. 

Leo Rosenberg, Pensacola Shipbuilding Co., Pensacola, Fla. 

B. A. Russell, 1454 East Harrison Street, Seattle, Wash. 

Bruce Scrimgeour, Gas Engine & Power Co., Morris Heights, N. Y. 
Henry C. Seaborn, Skinner & Eddy Corpn., Seattle, Wash. 

Thomas M. Searles, c/o Supt. Construction, U. S. N., Union Iron Works, San Fran- 

cisco, Cal. 

R. R. Shafter, 1240 Simpson St., New York, N. Y. 

Donald D. Smith, c/o Merchants Shipbuilding Corpn., Harriman, Pa. 
P. L. Smith, 1309 King Street, Wilmington, Del. 

William H. Smith, 109 Maple Street, Brooklyn, N. Y. 

William M. Stanton, Lansdowne, Pa. 

Kenneth Stephens, 5205 Archer Street, Germantown, Pa. 

C. L. Thompson, P. O. Box 623, Bremerton, Wash. 

John Thomson, 704 Washington Street, Bath, Maine. 

John E. Tonnelier, 304 Price Avenue, Narberth, Pa. 

John N. Trainer, 366 5th Avenue, New York, N. Y. 

Philip S. Tyre, 6505 Fairhill Street, Oak Lane, Philadelphia, Pa. 

S. A. Vincent, G. H. Standifer Const. Corpn., Vancouver, Wash. 
Carl G. Vretman, Stonington, Conn. 

Robert B. Wallace, c/o Virginia Shipbuilding Corpn., Alexandria, Va. 
- Albert R. Ware, 1517 Wildwood Avenue, Camden, N. J. 

C. W. Watson, c/o Saginaw S. S. Co., Saginaw, Mich. 

George H. Weir, So. Bellingham, Wash. 

Morris Wenk, 801 West 10th Street, Vancouver, Wash. 

Richard O. White, Groton Iron Works, Groton, Conn. 
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R. W. Williams, 5404 Chester Avenue, Philadelphia, Pa. 

Edward E. Winters, 15 Broad Street, New York, N. Y. 

William S. Wolfe, Box 65, North Glenside, Montgomery County, Pa. 
Norman A. Yarrow, P. O. Box 1595, Victoria, B. C. 

Charles E. Zollars, Drexel Hill, Pa. 


Jumors (33). 


E. E. Aldrich, 9 Charlotte Street, Worcester, Mass. 

E. H. Alsop, 3735 Walnut Street, West Philadelphia, Pa. 

Bruce T. Bair, 2309 S. 15th Street, Philadelphia, Pa. 

A. E. Boyle, 155 Lowell Street, San Francisco, Cal. 

Wm. G. Brown, 275 Newbury Street, Boston, Mass. 

H. L. Carroll, Box 174, Vancouver, Wash. 

James G. Craig, c/o Long Beach Shipbuilding Co., Long Beach, Cal. 
Irving Fineman, Cramp’s Shipyard, Philadelphia, Pa. 

Kenneth Fisk; 37 Madison Avenue, New York, N. Y. 

F. G. Healy, 36 Kingsville Avenue, Ashtabula, Ohio. 

Anton Kaufmann, 513 Cornelia Street, Saginaw, Mich. 

Robert B. Lea, c/o Sperry Gyroscope Co., Manhattan Bridge Plaza, Brooklyn, N. Y. 
N. G. Leemon, 154 Adelphia Street, Brooklyn, N. Y. 

M. M. Leffer, U. S. S. Maine, c/o Postmaster, Fortress Monroe. 

H. C. Lenfest, c/o Fabricated Ship Corpn., Milwaukee, Wis. 

Frank M. Lewis, 24 E. Stewart Avenue, Lansdowne, Pa. 

H. L. Lilla, U. S. S. Bridgeport, c/o Postmaster, New York, N. Y. 

Tan L. McKenzie, 409 Markham Street, Toronto, ‘Can. 

W. C. Mehaffey, U. S. Naval Station, New Orleans, La. 

George V. Mulligan, 714 West 13th Street, Vancouver, Wash. 
Edward M. Murphy, 1629 N. 15th Street, Philadelphia, Pa. 

William Nelson, Lieut., C. C., U. S. N., Navy Yard, Philadelphia, Pa. 
F. J. Nicosia, 108 S. 5th Street, Wilmington, N.C. 

A. A. Norton, 1923 Harney Street, Vancouver, Wash. 

Joseph F. Novachek, Grays Harbor Motorship Corpn., Aberdeen, Wash. 
E. C. Rechtin, 129 Clifton Place, Jersey City, N. J. 

H. F. Robinson, 11857 Clifton Boulevard, Cleveland, Ohio. 

M. J. Ryan, 606 19th Street, San Francisco, Cal. 

C. B. Shovar, No. 3, 87th Avenue, W. Duluth, Minn. 

H. C. Snethlage, c/o Chas. T. Stork & Co., Inc., Tribune Building, New York, N. Y. 
Thomas H. Soyster, 1923 Harney St., Vancouver, Wash. 

H. H. Tremble, 219 E. 12th Street, Oakland, Cal. 

E. P. Warner, Massachusetts Institute of Technology, Cambridge, Mass. 


From Associates to Members (8). 


John W. Anderson, Electric Boat Co., Groton, Conn. 
Carlos de Zafra, 353 West 57th Street, New York, N. Y. 
Harry B. Etter, 2322 N. 17th Street, Philadelphia, Pa. 


ee 
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Wentworth W. Meek, 27 Groton Street, New London, Conn. 

Edmond R. Norton, c/o Lake Torpedo Boat Co., Bridgeport, Conn. 

Robert A. Sheerin, A. P. O. No. 760, American Expeditionary Force, France. 
S. Peirce Taylor, 123 West 85th Street, New York, N. Y. 

John Winslow, 20 Cleveland Street, New Brighton, Staten Island, N. Y. 


From Juniors to Members (3). 


George A. Andrews, Lieutenant, C. C., U.S. N., Navy Yard, Boston, Mass. 
Louis A. Baier, 2601 Allendale Road, Baltimore, Md. 
Caryl H. Roundy, 36 Summer Street, Port Chester, N. Y. 


From Juniors to Associates (a) 


Charles F. Gross, 916 East North Avenue, Baltimore, Md. 
Richard D. Karr, 81 Van Houten Avenue, Passaic, N. J. 
Carl J. Nordstrom, Hotel Mallory, Portland, Ore. 

Henry J. Roundy, 36 Summer Street, Port Chester, N. Y. 
Ralph M. Smith, Multnomah Hotel, Portland, Ore. 


Tue Presipent:—The next order of business calls for the reading of the president’s 


- annual address. 


President Taylor then read his annual address, which was followed with much interest 
and greeted with applause. 


PRESIDENT’S ADDRESS. 


On July 26, 1892, after the launching of the U. S. S. Columbia at the Cramp Shipyard, 
Naval Constructor David W. Taylor entertained his colleagues at the University Club in 
Philadelphia. There were present Naval Constructor Francis T. Bowles, Naval Constructor 
Washington L. Capps, Naval Constructor Ruhm (now deceased), and Naval Constructor 
Lewis Nixon, who had recently resigned from the service and at this time occupied a very re- 
sponsible position with the William Cramp & Sons Company. The founding of a society on the 
lines of the British Institution of Naval Architects was brought up by Naval Constructor 
(now Admiral) Bowles, and heartily approved by all. 

Naval Constructor (now Admiral) Capps was requested to act as provisional secretary 
and to prepare letters to be sent to shipbuilders, marine engineers, naval officers and others 
professionally interested. ; 

This in due course was done and on the 28th day of April, 1893, there were duly signed 
and acknowledged the Articles of Incorporation of The Society of Naval Architects and 
Marine Engineers under the laws of the State of New York; and on November 16 of the 
same year the first general meeting of the Society was held in the Auditorium of the Amer- 
ican Society of Mechanical Engineers, then situated at 12 West 31st Street, New York City. 

This Society therefore now at its twenty-sixth meeting celebrates the twenty-fifth anni- 
versary of its incorporation and its first meeting. 

It is particularly interesting to note who were the incorporators, what was done at the 
first meeting, and the general conditions then existing. 

The first president was Clement A. Griscom, and to Lewis Nixon we owe his nomina- 
tion. In memory of Mr. Griscom be it said that for ten successive years he was elected 
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to this high office and satisfactorily performed its duties. I can do no better than to quote 
from his first presidential address:—‘‘The organization of this Society at this time, under 
the inspiration of such names as William H. Webb, Charles H. Cramp, George E. Weed, 
H. Taylor Gause, William T. Sampson, Horace See, Frank L. Fernald, Francis T. Bowles, 
Washington L. Capps, Edwin D. Morgan, George W. Quintard, Harrington Putnam, and 
Jacob W. Miller is significant of the lively interest which the ety people of this country are 
at last taking in the international oes eles for marine supremacy”; and speaking of his own 
election, President Griscom said :—‘“While I am grateful for this ares I do not accept 
the honor as a personal tribute, but rather as your recognition of the important interests over 
which I preside, and which are so intimately connected with your art.” No one who knew 
Clement A. Griscom will ever forget his ability or his charm which so well deserved the per- 
sonal tribute he modestly denied, nor the importance of his advocacy of an American mer- 
chant marine. 

What recollections the names of the incorporators bring to our minds :— 

William H. Webb, one of the foremost shipbuilders of the United States, whose achieve- 
ments in wood clipper ships and ships of war for this and other nations are too numerous 
to mention, and whose memory and patriotism are kept sacred by his endowment of Webb’s 
Academy and Home for Shipbuilders, an institution unique in the world, where young men 
are taught the science and art of naval architecture and marine engineering and are also pro- 
vided with board and lodging entirely free of cost to themselves; and where also certain 
old shipwrights and engine builders find a free home when age comes upon them and they 
can no longer work for their daily bread. 

Charles H. Cramp, one of the sons of William Cramp, who founded the William Cramp 
& Sons Company. For many years he was the leading spirit of that great shipbuilding plant, 
the history of which is so familiar to you. 

George E. Weed, that quiet, genial man of high character who for so many years as- 
- sisted John Roach in financially guiding the Roach yards in Chester and New York. 

H. Taylor Gause, who succeeded his father, John Taylor Gause, as the head of the old 
Harlan and Hollingsworth Company. 

William T. Sampson, who bore with his name upon the list of our associate members of 
those days the simple but powerful letters U. S. N., and who in but five years after our in- 
corporation became Admiral Sampson. U. S. N., and took such a conspicuous part in the 
events of the Spanish-American War. 

Horace See, who, after many years’ service with the Cramp Company, became one of 
the then small number of consulting naval architects, and who was responsible for the design 
and construction of so many steamships. 

George W. Quintard, who founded the Morgan Iron Works (afterward sold to John 
Roach) and the Quintard Iron Works in New York City; builder of ships and operator as 
well. Fortunate the man who can recall his personality and friendship. 

Jacob W. Miller, a distinguished naval officer and teacher; president of the Providence 
and Stonington Steamship Company; president of the New England Steamship Company; 
Commodore of the Naval Militia of the State of New York, and vice-president gad general 
manager of the Cape Cod Canal Construction Company. 

These eight of the thirteen incorporators and Clement A. Griscom, the first president of 
this Society, have all died, leaving records of great achievements deserving our remembrance. 

The living incorporators still remain members of our Society :— 
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Washington L. Capps, the first secretary-treasurer during the years 1893, 1894, and 
1895, and again in 1901, 1902, and 1903. 

Francis T. Bowles, the first chairman of the Executive Committee and secretary-treas- 
urer during the years 1896 to 1903, inclusive, and president for the six years 1904 and 
1909, inclusive. 

Frank L. Fernald, the nestor of the United States Navy Construction Corps; vice- 
president from 1896 to 1912, when he was elected as honorary vice-president, which office 
he still honors. 

Edwin D. Morgan, grandson of New York’s Civil War Governor. Enthusiastic in the 
development of yachts, and particularly along our lines, distinguished by his activities in con- 
structing, managing and sailing several of the great yachts that have from time to time won 
the races wherein attempts were made to take from our nation the celebrated Queen’s Cup 
won by the America. 

Harrington Putnam, well known counsellor-at-law, with a predilection for admiralty 
matters; member of our Council from 1893 to 1908; now a justice of the Supreme Court of 
the State of New York. 

The services of these men not only to our Society, but to the nation, need no encomiums 
from me, for you all know how valuable they have been, and you know as well the con- 
stant, loyal interest they have borne for so many years and still bear in all matters pertaining 
to the Society they helped to form twenty-five years ago. 

The tenor of most of the papers presented at the first meeting referred to the American 
merchant marine, and it is evident from the names and connections of the 262 Members, the 
155 Associates, and the 3 Juniors of that first year, that the Society was formed with the 
idea that “the knowledge disseminated by the deliberations and discussions’ would add to 
the development of the commercial as well as the naval power of the United States. 

Again quoting President Griscom’s opening address, “There can be no doubt that such 
a society, firmly established by your distinguished membership, should exercise a valuable 
influence on the future of our navy and of our commercial marine. Sir Nathaniel Barnaby, 
late Chief Constructor of the British Navy and one of the organizers of the British Institution 
of Naval Architects, remarked in my presence that no nation could maintain an efficient 
navy without a prosperous commercial marine to support it.” 

President Griscom called this a truism, and the statement is a truism to-day as it was 
twenty-five years ago, and that the United States have succeeded in the past twenty-five 
years in establishing a navy of which we are proud, and have not until within the last year and 
a half attempted seriously to establish a commercial marine at all worthy of the country’s 
greatness only proves that there are exceptions even to truisms. 

World-wide disturbances caused by the greatest of all wars have now forced in every one 
of the United States a public opinion that freely gives billions of dollars for an American 
merchant marine to advance which heretofore an expenditure of anything but a compara- 
tive pittance was denied. 

Perhaps I am devoting too much time to the event of which we are to-day celebrating, 
the twenty-fifth anniversary, but reading over the first volume of our Transactions brings to 
mind the changes that twenty-five years make. A quarter of a century—a generation— 
naturally makes a great change in the personnel of any association, and a second like period 
in the future will make a still greater difference. This much, however, is to be said— 
whether the members of twenty-five years ago accomplished the height of their ambition or 
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not, they certainly founded, for the membership of to-day and hereafter, a splendid heritage 
worthy of emulation, a heritage for which present conditions promise with proper care a 
great and glorious increase. 


THE WORLDS SHIPPING TONNAGE. 


The entire merchant tonnage of the world in 1916 did not exceed 50 million gross tons. 
Of this there has certainly been destroyed by submarines and casualties not less than 14 mil- 
lion gross tons, leaving of the original quantity not over 36 million gross tons. During 1917 
and 1918 there will have been built at most 5 million gross tons, making a total of available 
tonnage only 41 million gross tons. Following the normal increase per annum there should 
be available at the beginning of 1919 at least 55 million gross tons. From this statement it 
appears that there will be at the close of the year 1918, a deficit of at least 14 million gross 
tons, without taking note of the depreciation and repairs which the excessive hard usage of 
ships during the war will have made necessary. 

It is not intended that these figures shall be considered exact, but they are sufficiently so 
to demonstrate the great necessity still existing for ships; and further to show that our own 
shipyards must still be urged to their utmost capacity in order that the now important Amer- 
ican merchant marine shall be upheld in the future. 


AMERICAN SHIPYARD PRODUCTION. 


In the year ending June 30, 1908, the entire production of our shipyards was 614,000 
gross tons, the greatest previous to 1915; but in the year ending June 30, 1915, the produc- 
tion fell to 225,000 gross tons, the smallest output in seventeen years. In 1916 there came 
an enormous demand for ships not only from our own citizens, but from foreigners as well. 

When the United States entered the war in April, 1917, it became apparent that there 
was hardly a more important element for winning the war than ships, and the United States 
Government, through the agencies of its Shipping Board and Emergency Fleet Corporation, 
immediately proceeded to encourage the building of many new yards as well as the enlarging 
of the old yards, with the result that there are now about 200 shipyards instead of 66 as in 
November, 1916. During 1917 there was an output of 800,000 gross tons and the output for 
1918 will apparently be about two and one-half million gross tons actually delivered and off- 
cially numbered. The increase in our registered shipping during the fiscal year ending June 
30, 1918, was 1,053,481 gross tons, more than double that of any previous year and some- 
thing over the total increases for the first three years of the war combined. At the end of 
this year there will be over ten million gross tons of shipping under the American flag, or 
nearly double the amount of three years ago. 


NEW METHODS. 


The demands upon our facilities for furnishing the usual materials for ships and the lack 
of men capable of building ships in the usual manner, combined with the extraordinary need 
of ships, and more ships, to carry on the war, have led to experimenting in building large 
vessels of other than the usual wood and steel materials. 

The successful use abroad of moderate sized boats built of concrete reinforced with steel 
has led us to go much further, resulting in the building of the Faith, a concrete ship of about 
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3,000 gross tons, and the placing by the Emergency Fleet Corporation of contracts for 42 
concrete ships totaling about 200,000 gross tons. 

The details, advantages and disadvantages of building reinforced concrete ships have re- 
ceived a great deal of attention from the officials of the Emergency Fleet Corporation, and 
it is fair to presume that their investigation has warranted the contracting for four ships of 
this class of about 2,500 gross tons and 38 ships of about 5,000 gross tons each. 

This same question has been also under examination and discussion in Great Britain, 
and naturally personal designs and views differ materially. Having had no experience in con- 
crete construction and noting the different proportions of steel in several designs and ac- 
knowledged contrasts in carrying capacity and speed with like power, I feel that the concrete 
sea-going ship is still an experiment and that it is quite possible that the emergency which 
promotes the building of these ships will have vanished before those contracted for will 
have performed much service. I note with pleasure that there will be presented at this meet- 
ing a paper from an authority on the subject, one who has carefully studied the whole subject 
technically and practically. 

Another innovation even more novel than the concrete ship is the proposed electrically 
welded ship which has now been under consideration for several months. There has been 
a vessel (perhaps more than one) manufactured on this plan in Great Britain, but the barge 
is so small that nothing is proved so far as the building of ocean-going ships is concerned. 
Electric welding certainly has proved successful in many places and under peculiar condi- 
tions, so that the proposed construction of a full-size section of a large cargo steamer for 
complete tests of the method is both interesting and satisfactory. There is also a paper by an 
authority on this subject which will be especially interesting. 

The fabricated cargo ship and the shipyards for building same will also receive at this 
meeting well-deserved notice, for nowhere has the broad vision of men along these lines 
been exercised more than in our own country. 


RECORDS. 


Records of various processes have from time to time been noted. The number of frames 
erected in a day, the number of rivets driven; the few days that have elapsed between the lay- 
ing of the keel and the launching and again between the launching and the trial trip; the 
lineal amount of caulking both on wood and steel ships, and so on to absurdity. We venture 
to say that in every instance of these special records there has been special preparation that 
the records shall be made. The fact remains that the general results attained in the long run 
are not in accordance with the records, and it were better to remember that 400 rivets for 
every gang for a day’s work is a more satisfactory performance than an occasional 1,000 
or more rivets. 

It must, however, be said in justice that the performance of finishing a ship in an un- 
usually short time and the performance repeated over and over, as has been done, is worthy 
of the highest commendation. 

THE FUTURE. 


I have said nothing about the navy, for it is evident from the statements published from 
time to time that the interests and upbuilding of the navy have not only beer well taken care 
of in the recent years of the great war, but that they will also be as well advanced in the 
future. ‘ 
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It is to the American merchant marine that we must particularly attend. The shipyards 
in which our naval vessels have in the past been built will also build what will be required 
for the navy of the future. They will as well produce their proportion of merchant vessels, 
and in addition we now have all of the new shipyards. 

Our shipyards have produced during the year a greater tonnage of merchant vessels 
than was ever heretofore in any one year produced in the yards of the greatest shipbuilding 
nation in the world. 

The United States have spent and contracted to spend enormous funds, primarily to help 
put down the war and incidentally to place upon the seas a great tonnage under their flag. 

Now that the inevitable end of the great war is rapidly approaching, the problems fol- 
lowing the destruction and disorganization caused by the war demand the attention of our 
best ability and judgment. I pass all of the problems not in themselves specially pertaining 
to this Society. The one great problem for us to consider is that of the future of our mer- 
chant marine and what is to be done for it. 

You who are owners of ships and shipyards and you who design and construct ships 
cannot be indifferent to this question. There are at present in service, as has been stated, ten 
million gross tons of American merchant ships, double the amount three years ago, and there 
is a capacity in our yards for building in addition to the ships for the navy at least three mil- 
lion gross tons per annum. Some of these yards, of course, build wooden ships which will 
be useful coastwise, if not across the seas. 

When the war is really over shall we as a nation, supinely, as in the past, permit the 
other nations of the world to carry our entire commerce overseas ? 

It is incredible that any administration of the United States Government shall thus sac- 
rifice the great funds and efforts, individual and collective, that have been expended in the 
past two years to build up facilities, to educate men, and women, too, in order that we may 
have and operate ships of our own; and if there are laws upon our statute books that pre- 
vent our reasonable operation of ships, they must be amended; if our loading, unloading and 
other port facilities are not what they should be, they must be changed; if there is anything 
which interferes with our progress upon the seas, it must be removed, and if there is anything 
yet lacking to advance this progress, even government ownership, or private ownership aided 
by a judicious government, it must be developed not for the advantage of any section or 
coast, but for the needs and advantage of our whole nation. 

I am quite aware that these are most general statements and that I have suggested no 
special plan for bringing about that which is so much to be desired. Frankly, I must say that 
the questions involved are too much for one man, and the result desired can only be accom- 
plished by proper coordination of those out of whose experience may be determined the best 
course to follow. 

I recall at this point the wild statements made early in 1917 as to our promised ship 
production. No one familiar with our business was deceived; but when the summer of that 
year had passed, and numerous yards had been established and the great number of fabri- 
cated ships had been contracted for, our hopes were raised that there would be during this 
year 1918 a production of ships in our yards considerably greater than ever before produced 
in one year in any other single nation. We have not realized these fond hopes, but I ask you 
to consider what has been done in the country besides building ships. 

Think of the enormous tasks accomplished in the past twenty months, three of which 
were the hardest winter months ever known in this country. Think of the cantonments and 
camps built for soldiers, sailors and aviators; the raising of an army of three million men 
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and the manufacturing of clothes, guns, artillery, munitions and supplies for such army; the 
despatching “over there,” with the aid of our allies, of an army of two million men and all 
of the impedimenta of war besides; the further extraordinary work done by the several aid 
associations, the Red Cross and others and with it all, the raising of a fourth liberty loan of 
six billion dollars in three weeks, following the raising of nine billions in the other loans 
and every one of the loans oversubscribed. 

Think of these accomplishments, far greater than were performed by any nation in the 
same period of time; and while all of this program was being executed there were built nu- 
merous shipyards and about two and one-half million gross tons of merchant ships delivered 
in twelve months—at least one-half million more than produced by the greatest shipbuilding 
nation of the world in the year of its largest production—and you will conclude that this ad- 
ditional accomplishment is worthy not only of notice but of great praise. 

We must look to the future with optimism. In a Washington office hangs a placard 
which says :—“It can’t be done! BUT HERE IT 1S.” We must neither think nor say it can’t be 
done. 

No citizens of this great land are more interested in producing a merchant marine than 
yourselves. We naturally belong to the coasts and the Great Lakes. We must be optimistic 
that we may exert our own great ability to its utmost. We must carry our optimism to our 
inland citizens lest they forget the lesson of how much they needed ships in the years 1914 
and 1915. We must be Americans and think in American terms. 

Paraphrasing a quotation used at our banquet a year ago I repeat, ‘““We have performed 
gigantic tasks more rapidly in all the circumstances than could any nation in the world. 
We shall build ships; we shall secure and train officers and sailors,’ and we shall establish 
and keep forever a merchant marine on the seas of the world, “for the sea was in our fathers’ 
blood, the ocean is our birthright.” This also gigantic task we shall perform. 

[ Note.—It is to be noted that in this address ship tonnage is only expressed in regis- 
tered gross tons, as determined by official measurement. 

A cargo vessel of any given gross tons has approximately a deadweight ton capacity of 
one and one-half times the gross tons; therefore, the production of 2,500,000 gross tons in 
the year 1918 means approximately 3,750,000 deadweight tons. | 


THE PRESIDENT :—The next business in order is the reading of the papers. The first 
paper to be read is entitled “The DeLamater Iron Works—The Cradle of the Modern Navy,” 
by Mr. H. F. J. Porter, Visitor. 


Mr. H. F. J. Porter:—Mr. President and gentlemen, I esteem it a great honor and 
privilege to present this paper to you; the honor in having been asked to gather together the 
records of these old iron works, and the privilege of presenting them to you for your 
records. I have never considered myself the proper man to perform this task, because I 
was only a young fellow when I went to the works, and the works had already passed 
through three-quarters of their existence, but time was passing and there seemed to be no 
one else to do it, so when I was invited to do it I willingly accepted the task. 

Now, Mr. President, if you will allow me, as long as this paper is simply one for record 
and will not require discussion, I will present it merely in abstract. I have a short summary 
of the contents here, which I can read in a few moments, but I should like very much if the 
members of this Society would, at their leisure, read the paper and add to it, if they can, in 
order that your Society may have a complete record of these old works. 


Mr. Porter then read the abstract of his paper. 
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THE DELAMATER IRON WORKS—THE CRADLE OF THE MODERN 
NAVY. 


By Horsroox Firz Joun Porter, M. E., Visitor. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


In the late thirties of the last century, when Martin Van Buren was Presi- 
dent, Wm. L. Marcy, Governor of the State, and Aaron Clark, Mayor of the city, 
New York was pretty much country above 14th Street, and the section called Green- 
wich Village, extending from Hammersley Street (which later became West Hous- 
ton Street) up to 14th Street, and from Washington Square to the North River, was 
a thriving suburb. There were no street cars in those days, but stages plied between 
the Battery and the village, carrying those who lived in the latter down to business 
and back again every day. 

A pile bulkhead skirted the river front with here and there a wharf or pier 
jutting out into the stream and ships tied up to these for repairs made by local 
“engineers” and “machinists” who kept their kits at home. 

Among the former was James Cunningham, who lived at 387 Washington 
Street, between Beach and Hubert Streets, and had made a competence at his work, 
which he invested in ships of his own, some of which went around the Horn and 
up the Pacific Coast as far as San Francisco. Then there was Adam Hall, another 
engineer who lived across the street at 386, who worked with Cunningham. They 
hired a little shop together and hung up the sign of “Cunningham & Hall” at the 
corner of West and Laight Streets, where they took orders, did some machining 
and blacksmithing, and kept their tools and supplies. Business thrived so that they 
soon needed more of an organization, so they asked Peter Hogg, a draughtsman and 
mechanic who lived a block above at 507 Washington Street, to join them. After 
working together for some months and requiring more room, they decided to make 
a larger venture and seek more commodious quarters. 

So in 1838, finding a suitable location at 260 West Street, between Vestry and 
Laight Streets, they established the “Phoenix Foundry.” Cunningham moved to 
86 Laight Street around the corner so as to be on hand and superintend things. 
Next to Hogg at 509 Washington Street lived William DeLamater, a bookkeeper, 
and Hogg, knowing him to be a good man at figures, got Cunningham to take him 
as cashier and confidential adviser for the concern, and his son Cornelius H., then 
in the hardware firm of Swords & Company, as clerk. Hall moved around to 34 
Vestry Street so as to be on hand if needed for a hurried job. The best mechanics 
they knew were placed in charge of the men they employed. Alexander K. Rider, a 
young mechanic, was given charge of the foundry, John McCurdy was made fore- 


7 THE DELAMATER IRON WORKS— 


man boilermaker, and Jacob S. Warden draughtsman. Besides repair work they 
started building boilers and engines for side-wheel steamers for river and coast- 
wise service, and the shop, being the only one of the kind, grew rapidly and soon 
gained a reputation for doing good work, attracting attention from near and far. 

In the fall of 1839 there came to New York from England, where he had made a 
name for himself as a brilliant young engineer, Captain John Ericsson, born July 
31, 1803, in Sweden. He was a little over thirty-seven years old, handsome and 
of fine physical development, a member of a wealthy mine-owning family in his na- 
tive land, with a military title awarded to him on account of service in the Royal 
Artillery and his knowledge of military engineering acquired by hard study and ex- 
periment. Captain Ericsson located himself at the Astor House, then recently built 
and known locally as the Park Hotel. He had come over at the solicitation of Lieut. 
Robert F. Stockton, U. S. N. retired, a man of wealth and influence, who was build- 
ing the Delaware and Raritan Canal in New Jersey and had gone to England to 
raise money to complete the project in which his own and his family’s fortunes 
were invested. Hon. Francis B. Ogden, of New Jersey, U. S. Consul at Liver- 
pool, had become highly impressed with the engineering ability of Captain Erics- 
son, placing special value on one of his recent inventions, the propeller, which the 
English Admiralty had condemned as impractical. Ogden recommended him to 
Stockton as a man who would be of value to him in the construction of vessels and 
machinery for his canal and to the U. S. Government in the development of hulls and 
engines for the Navy. As an inducement to Ericsson to come to New York, Stock- 
ton assured him that he would secure for him a commission to build one of three 
steam frigates authorized by Act of Congress on March 3, 1839, and as an earnest 
in the matter, Stockton gave him an order before leaving England for two iron 
steamboats to be fitted with Ericsson’s engines and propellers. One of these was 
named the Stockton and came to this country under sail and was the first direct- 
acting screw propeller ever built. 

After Ericsson had located himself in New York, Mr. Samuel Risley, one of 
the Greenwich Village mechanics who had been recommended to him locally, be- 
came his draughtsman and proposed that he give his work to the Phoenix Foundry, 
and there he set up a model of the steam frigate which he had made before leav- 
ing England and had brought over here with him. 

This introduction proved to be a most fortunate circumstance, for then and 
there began a business connection which later developed into a close relationship 
and which proved not only of vital interest to Ericsson and the works during the 
lifetime of both, but to the nation and the world at large. 

Especially close was the intimacy of Ericsson and young DeLamater, then about 
twenty years of age, and rarely in later years did either take a step in the nature 
of a business venture without consulting the other. 

The Government was not yet ready to place the order for the steam frigates, 
but Ericsson was promptly commissioned by Stockton to build some iron canal boats 
for his New Jersey Canal, and some of them which Ericsson arranged to have built 
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at the Phoenix Foundry were the first iron boats built in this country. When 
they were launched, large crowds gathered at the dock to see them sink and went 
away wondering why they floated. Thus early in its career did this plant become 
a pioneer in initiating advance in engineering practice, and especially in the marine 
field, in which it subsequently held a dominant position. 

Ericsson was not idle in obtaining orders on his own account. He soon secured 
other work and arranged with the Phoenix Foundry to construct it. He built two 
steam propellers, one the Vandalia, which ran between Oswego and Chicago, and 
this was followed by the Clarion, which plied between New York and Havana. 
These were respectively the first lake and ocean steamers fitted with the Ericsson 
propeller. Others followed fast, and before 1840 was over fifty propeller steamers 
had been constructed and were plying our rivers and lakes and in the coastwise 
service. 

In 1842 Stockton secured the order for the iron frigate which he arranged to 
be named the Princeton after his birthplace, and he commissioned Ericsson to do the 
engineering work of designing the engines and hull. 

Ericsson at once placed the order for the engines and propellers of the Prince- 
ton with the Phoenix Foundry and the hull was constructed at the navy yard in 
Philadelphia. This was the first iron steamboat built in this country and, with 
its propeller wheels and engines wholly below the water line, presented a design 
which was at once adopted by this and all other countries for naval vessels of the 
future. In this beginning, which was later followed by further advances just as 
radical, these works should easily lay claim to being “the cradle of the modern 
navy.” 

The Princeton, so far as every detail of construction by Ericsson was con- 
cerned, was an absolute success. One of the saddest occurrences, however, in the 
history of the U. S. Navy happened on one of her trial trips, February 28, 1844. 
Ericsson had constructed in England, and brought with him to this country, a 12- 
inch wrought iron gun of his own design with the butt reinforced with heavy 
wrought iron bands shrunk on. This gun had been subjected to the severest tests 
and to-day is in the Brooklyn Navy Yard, a monument to the knowledge of the sci- 
ence of ordnance engineering possessed by Ericsson. The ball of this gun weighed 
216 pounds and with 30 pounds charge of powder was thrown 3 miles. Stockton 
planned a gun along certain lines which Ericsson would not approve, and the two, 
called respectively Oregon and Peacemaker, were placed on the Princeton. The lat- 
ter’s trials on the Potomac were scenes of great rejoicing. On one of these, the 
cabinet of President John Quincy Adams, both Houses of Congress and many dis- 
tinguished guests were on board. The guns were repeatedly fired. Just at dusk a 
call was made for one more discharge, but the admiral commanding declined to or- 
der it. Appeal was made to the Secretary of the Navy. His assent was considered 
an order and the Peacemaker was fired. The gun burst, killing two members of the 
cabinet, Secretary of State Upshur and Secretary of the Navy Gilmer, Senator Vir- 
gil Maxey, Capt. Beverly Kennon, Col. David Gardiner of Gardiner’s Island, and a 
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colored servant of the President whose name is not recorded. Several others were 
wounded. Colonel Gardiner’s remains were carried to the White House, which event 
resulted later in the marriage of his beautiful daughter to President Tyler. 

Stockton sought to lay the blame for the disaster on Ericsson, but Ericsson’s 
letters to Stockton protesting against the character of construction of the gun, and 
pointing out its defects, were a complete refutation of the charge. 

This incident resulted in an estrangement from Stockton, whose treatment of 
Ericsson was most uncalled for. Ericsson had left his interests in the matter of busi- 
ness arrangements with the Government in Stockton’s hands, presuming that the 
latter would attend to his being paid for his engineering services as well as for the 
use of certain devices, patents for which he had applied and which he was intro- 
ducing in the vessel. Ericsson had put in some 200 days of draughting work alone 
which his assistant Risley inked in and this, with his time of supervision in Philadel- 
phia and New York, covering a period of over two years, together with his expense 
of travel, placed him in a position where he was in need of money. Other work was 
crowding upon him and demanding his time, but payments for it were not due. 
Stockton continuously opposed the Government’s paying him, and his influence was 
so strong that not only did his effort in this respect succeed but he aroused a preju- 
dice against Ericsson in the Navy which continued to exist for years. 

Finally, when his funds reached the low figure of $23.00, Ericsson wrote to a 
friend, John C. Sargent, in his extremity, but apparently secured no relief from this 
source, for Ericsson wrote to him, September 16, 1846:— “I received your letter of 
the 14th yesterday afternoon and opened it with a trembling hand. My worst fears 
were realized and I turned nearly crazy for a few minutes. In my despair I re- 
sorted to the expedient of asking DeLamater to help me and he has done so, for to-day 

appropriating the funds he has for meeting a bill at the end of the week. Now 

if in addition to my anxiety already experienced I should ruin the young man’s 
credit by not being able to refund the money by Wednesday, I shall have to cut my 
throat.”’* 

All that Ericsson was paid, for what was probably the greatest advance in 
naval architecture which ever took place at one time, was $1,150.00, which was paid 
on account as the work proceeded. 

Ericsson was thoroughly outraged by this treatment from the Government, but 
he would never urge payment himself or allow others to press his claim. It was not 
until after his death nearly 50 years later that his executors succeeded in having 
a claim for $15,000.00 adjudicated by the Court of Claims and a bill snore lang its 
payment passed by Congress. 

In this account of Ericsson’s early experiences it would seem as if the Phoenix 
Foundry had been lost sight of, but after the entry of Ericsson into the affairs of 
the foundry he became so important a part of its personnel that what was his was 
their interest, and their affairs were indissolubly associated. 


*Col. Wm. C. Church’s “Life of Ericsson.” 
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Going back to the story of the plant itself: in 1842 Mr. Cunningham decided to 
go to California, which was rapidly developing as a state and where his shipping 
interests were increasing, and having no kin who wished to take up the business, he 
called in his superintendent, Hogg, and young DeLamater, who were then both 
about twenty-one years of age, and asked them if they would take the busi- 
ness off his hands. Each stated that he had no capital to carry out such a venture, 
but Mr. Cunningham, having confidence in their industry and integrity, offered to 
make the transfer an easy one and persuaded them to undertake it together, ar- 
ranging to accept notes for $25,000, payable in one, two, three, four and five years. 

With some $600 in hand and letters of endorsement from Mr. Cunningham to 
the various supply houses with which he had been doing business, the young men 
started out together in 1842 to conduct the fortunes of the Phoenix Foundry under 
the name of Hogg & DeLamater. Hogg moved down from 507 Washington Street 
to 59 Vestry Street so as to be near at hand, as Cunningham had found the need 
for close proximity existed, and the new firm started. 

James Cunningham was a thrifty Scotchman with a pioneering spirit. He had 
a savings bank in Boston before coming to New York and his venture in the Phoe- 
nix Foundry was secondary to his shipping interests. He had Ericsson fit up the 
Senator, one of his vessels, as a steamship, and it was the first of that type to round 
the Horn. He sailed for California with his family and became an important element 
in the development of San Francisco and made a large fortune. Later his eldest 
daughter Jane sailed to join him and on the voyage became acquainted with a fellow 
passenger by the name of Darius O. Mills who was a banker in San Francisco and 
they subsequently were married. 

Mr. Mills rose to be a great financial figure in California and later in the world 
at large. In New York City the Mills Building, a modern office building in the 
center of the financial district, and the three Mills Hotels, located respectively on the 
lower East and West sides and in the uptown center, for the accommodation of the 
working-man, attest the diversity of his character. 

With the Phoenix Foundry business thrived under the new regime. Times 
were good and there was an increasing demand for steam-driven machinery. Erics- 
son brought in work, some of which were commissions and some were ventures of 
his own. Ericsson’s business relations with the firm were of such a nature that the 
financial risk of these experimental enterprises were largely shared equally. By 
1844 he had become the guiding engineering spirit of the place and moved his resi- 
dence up to 95 Franklin Street to be closer to his work, some of which demanded 
his constant supervision and even then did not always prove to be as successful as 
he had expected. 

For instance, there was the Iron Witch, the first iron steamboat built complete 
in New York City. It had compound steam engines, and twin-screw propeller 
wheels. It was run as a passenger boat between New York City and Albany, but 
making only 17 miles per hour did not prove satisfactory and was withdrawn from 
service, 
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Ericsson had invented a hot air engine which, on account of its simplicity and 
safety of operation, could be run by anyone, and the manufacture of these was 
taken up and developed into a considerable business of itself, especially for pumping 
water to the upper stories of houses. “Ericsson Pumpers”’ they were called. 

The success of this type of power emboldened the firm to endorse a proposal of 
Ericsson's to build a side-wheel vessel to be operated by it, and the Ericsson was built, 
having four hot air engines with cylinders 14 feet in diameter. It would be quite a 
piece of work to bore cylinders of that diameter even now and have them true 
enough to hold hot air under pressure, but they did it, and the vessel made one 
trip under her own power to Washington, D. C., and back. It did not prove to be 
satisfactory, however, and the engines were removed and replaced by inclined steam 
engines working on the same shaft. 

There was plenty of work of all kinds crowding into the foundry, so much 
so that an extension to the corner of Vestry Street was made in 1849 and 1850, but 
as the amount of land available in that locality was extremely limited it was evident 
that this would be only a temporary expedient, and so they began to cast about for 
a larger site, one if possible located on the water front. 

Such a site was found finally at the foot of West 13th Street, extending from 
Tenth Avenue to the river. Much of this site was under water and it required a 
great deal of fill to make land and have it solid enough to carry the weight of the 
heavy tools which the firm then possessed, many of which had been imported from 
England, as the machine tool industry in this country had not yet advanced suffi- 
ciently to produce as large or substantial ones as were needed. It was a gradual 
shift which took place, therefore, and for a couple of years, while the transfer was 
being made, work was done at both sites. In 1851 the office was moved uptown 
and Mr. DeLamater changed his residence to 302 West 14th Street, next to the 
corner of Eighth Avenue. The following year Mr. Hogg moved to 244 West 13th 
Street, between Seventh and Eighth Avenues. , 

As long as some of the plant remained at the old site it was known sometimes 
as the Phoenix Foundry and sometimes Hogg & DeLamater’s Foundry, but after the 
transfer it became known as the Hogg & DeLamater Iron Works. 

A story is told by Colonel Church in his “Life of Ericsson” of one of the lat- 
ter’s visits to the new shop. This was on Thanksgiving Day, 1854, which does not 
seem to have been a holiday either for workmen or boss. While talking with an 
engineer who was testing one of his engines, he noticed one of the workmen reach 
out to feel if the brasses of a vibrating connecting rod were heating, and called to 
him to be careful or he would lose his hand, but involuntarily his own hand went 
out and his finger was cut off. Turning to DeLamater, he exclaimed, “See, Harry, 
what I have done!” Picking the piece from the floor, he dropped it in his pocket 
and tied a piece of tape around the stump to stop the hemorrhage. Then he drove 
home, where, without taking ether, he had a doctor make a proper amputation. 

Ericsson was 5 feet 714 inches high, broad-shouldered and long-bodied from his 
waist up, so that when sitting he gave the impression that he was tall; he weighed 
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178 pounds. People of that build are usually strong, and in this regard he was no 
exception. One day when he was going through the foundry he saw a casting which 
was intended for one of his engines and, looking it over, he concluded that it was 
not sound and ordered one of the men to test it with a sledge. This the man did, but 
Ericsson was not satisfied and told the men to carry it over to another part of the 
foundry where he could rest it on two castings and then strike it. The men said it 
was too heavy to lift, whereupon Ericsson picked it up and carried it over to the 
place himself and, taking the sledge, broke it with one blow, disclosing the flaw 
which he suspected was there. After he had gone, the men placed the pieces on 
the scales and found them to weigh 592 pounds. He was fifty years old at the time. 

In the transfer of the plant uptown, more changes took place than were appar- 
ent in the mere change of site. The phenomenal success and growth of the plant in- 
duced some of the younger, more ambitious and venturesome mechanics connected 
with it to strike out in a similar direction for themselves. 

Alexander K. Rider, who had charge of the foundry, secured a partner and 
started a small plant at the foot of West 59th Street under the name of Rider & 
Ward. They were successful for several years till an accident occurred in which 
Rider was so seriously injured that he was rendered helpless for over a year and 
remained an invalid for the remainder of his life. 

John McCurdy, who had charge of the boiler shop, took Jacob S. Warden, the 
chief draughtsman, and started business at 276 West Street under the name of Mur- 
phy, McCurdy & Warden, where they became a well-known fixture for many years. 

Men already in the plant, whose qualifications for advancement had been recog- 
nized, were promoted. Jerry Mulford was made superintendent. Wm. Sibley was 
placed in charged of the foundry. He died soon afterwards, however, and his 
brother Fred took his place and remained there permanently. Frank Ramsey was 
made foreman of the boiler shop. He was one of four brothers—John and Philip 
in the pattern shop and William in the machine shop. Charles Van Wagenen be- 
came foreman of the pattern shop. 

All these men lived in the neighborhood, as means of transportation were very 
poor. Thirteenth Street was pretty far uptown in the early fifties. Few horse car 
lines ran that far and, as there were no cross town cars, if work was required on a 
vessel in the East River the men had to walk there. It was not until 1855 that a 
line of horse cars was run up Hudson Street and Eighth Avenue as far as 30th 
Street, and later to 53rd Street, with occasionally a car to 59th Street. 

The new site covered land on both sides of 13th Street. Between 13th and 14th 
Streets a shipyard was located and many wooden and iron steamers were built there 
and launched from it, and the boilers and engines were made in the shops behind 
it and across the street. 

They built the iron steamer Matanzas for Mora & Nevarro in the West Indian 
trade, and many others, and steam outfits for the Mallorys, shipping merchants, who 
built wooden ships at Mystic, Connecticut, running to Fernandina and Key West, 
Florida, New Orleans, Louisiana and Galveston, Texas. 
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Ericsson’s caloric engine business was still thriving and this type of power was 
applied to fog-horns in lighthouses where fresh water for power purposes was 
scarce. When the largest of these, constructed for the lighthouse at Montauk Pt. 
Long Island, was tested in the shop it caused such a vibration to the building that 
it had to be moved so that the horn could be located out of doors. 

There came to them at this time a good deal of work for sugar refineries, con- 
sisting of boilers, engines, tanks, etc., andin one of their orders they equipped the 
new refinery of Moller & Martin at Corlears Slip at Grand Street and the East 
River. When this work was completed in 1858 Mr. Hogg was offered a partner- 
ship in the sugar-house firm which he accepted and left Mr. DeLamater to run the 
business alone, moving his residence to 59th Street, Brooklyn. 

Mr. DeLamater then changed the name of the works to The DeLamater Iron 
Works, which it continued to bear thereafter. He moved his home to 333 West 
15th Street at this time. An advertisement of the time reads:—“Cornelius H. De- 
Lamater Iron Works, Manufacturers of Engines, Boilers, Castings, Machinery, etc.” 

When the Civil War broke out these large and well-equipped shops possessed 
special facilities for war work, and Mr. DeLamater promptly offered them to the 
Government for such work as might be needed. He became a charter member of 
the Union League and took an active part in the patriotic services rendered by that 
body. 

Knowing Ericsson's mental equipment in ordnance engineering science, Mr. De- 
Lamater had frequent conferences with him about the work they would be able to 
perform for the Government. 

In 1854 Ericsson had sent to Napoleon III plans for an armed ironclad tur- 
reted steamer differing from what is known as the original Monitor only in that the 
turret had a rounded dome. The emperor did nothing with them, but he was so 
greatly interested that he acknowledged them personally and sent Ericsson a gold 
medal testifying his appreciation. 

Mr. DeLamater knew of this and they talked over the possibility of utilizing 
the design in the then existing emergency. Ericsson said that the original plan was 
the conception of his boyhood days, but that he had given the subject thirty years 
study and would willingly offer his matured ideas to the Government if he could be 
assured of an unbiased reception, for he knew of the prejudice still existing against 
him in the Navy Department since the Stockton episode. 

Then came the word that the Southern Confederacy was fitting out the iron- 
clad Merrimac with which they expected to capture every northern port and sea- 
board, destroy our commerce and compel the surrender of Washington. 

On August 3, 1861, President Lincoln approved an act appointing a board to 
determine upon building ironclad steam vessels. The board was named August 8. 
An advertisement inviting proposals was promptly published, and Mr. DeLamater 
at once called on Ericsson to determine upon a method of approaching the Govern- 
ment. Ericsson was disinclined to take the initiative, realizing that the authorities 
were fully informed regarding his capabilities and yet had totally ignored him, and 
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he disliked placing himself in a position to be rebuffed. Mr. DeLamater argued 
that a letter addressed direct to President Lincoln would insure him a fair hearing, 
but it was twenty-one days after the advertisement appeared before the following 
letter was written and dispatched :-— 

“New York, August 29, 1861. 
VSIR: 

“The writer, having introduced the present system of naval propulsion and con- 
structed the first screw ship-of-war, now offers to construct a vessel for the destruc- 
tion of the rebel fleet at Norfolk, and for scouring the Southern rivers and inlets of 
all craft protected by rebel batteries. Having thus briefly noted the object of my 
addressing you, it will be proper for me most respectfully to state that in making this 
offer, I seek no advantage or emolument of any kind. Fortunately I have upward 
of one thousand of my caloric engines in successful operation, with affluence in 
prospect. Attachment to the Union alone impels me to offer my services at this fear- 
ful crisis—my life 1f need be—in the great cause which Providence has called you 
to defend. Please look carefully at the enclosed plans and you will find that the 
means I propose to employ are very simple—so simple, indeed, that within ten weeks 
after commencing the structure, | would engage to be ready to take up a position 
under the rebel guns at Norfolk, and so efficient, too, I trust, that within a few hours 
the stolen ships would be sunk and the harbor purged of traitors. Apart from the 
fact that the proposed vessel is very simple in construction, due weight, I respect- 
fully submit, should be given to the circumstances that its projector possesses prac- 
tical and constructive skill shared by no engineer now living. I have planned up- 
ward of one hundred marine engines and I furnish, daily, working plans made with 
my own hands, of mechanical and naval structures of various kinds, and I have done 
so for thirty years. Besides this T have received a military education and feel at 
home in the science of artillery. You will not, sir, attribute these statements to any 
other cause than my anxiety to prove that you may safely entrust me with the 
work I propose. If you cannot do so then the country must lose the benefit of my 
proffered services. If, on the other hand, you decide to act, please telegraph and I 
will at once wait upon you in Washington. I respectfully submit that in the former 
case you return the plans, honored with your signature, to testify that I have dis- 
charged the duty of laying this important matter before you. 

“T cannot conclude without respectfully calling your attention to the now well- 
established fact that steel-clad vessels cannot be arrested in their course by land bat- 
teries, and that hence our great city is quite at the mercy of such intruders, and may 
at any moment be laid in ruins, unless we possess means which, in defiance of Arm- 
strong guns, can crush the sides of such dangerous visitors. 

“T am, sir, with profound respect, 

“Your obedient servant, 
“J. ERICSSON. 
“To His Excellency, 
“Abraham Lincoln, 
“President of the U.S.” 
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One of the first sets of plans recommended for adoption by the board was 
presented by C. S. Bushnell, and he was awarded a contract to build the vessel 
known as the Galena. He consulted DeLamater, many of the naval men having 
doubted her ability to carry the stipulated amount of iron protective plate. Mr. 
DeLamater advised him to confer with Ericsson, whose opinion he was satisfied 
would settle the matter definitely and correctly. He called on Ericsson, laid the 
matter before him, and was requested to return the next day for his verdict. It was 
entirely favorable. Captain Ericsson then produced his duplicates of the model 
and plans of the ironclad steamer he had sent to Napoleon. He found a most willing 
champion in Bushnell, and gave him both plans and model to present at Wash- 
ington. 

Bushnell, knowing that Secretary of the Navy Welles was at Hartford, pro- 
ceeded there by first train. The Secretary urged all possible despatch to have the 
plans submitted before the board, and the next day Bushnell was in Washington. 
He was joined by John A. Griswold and John F. Winslow, both of Troy, and friends 
of Secretary Seward. The latter gave them a strong letter to President Lincoln, 
who went with them to the Navy Department the next morning. Confronted with 
the novelty of the proposal, some advised trying it, some ridiculed it. It was at this 
conference that President Lincoln remarked:—“All I have to say is what the girl 
said when she stuck her foot into the stocking: ‘It strikes me there’s something in 
it.’”’ The next day the board condemned the plan. Bushnell labored with them, and 
won over Admirals Smith and Paulding, who promised to report favorably if Cap- 
tain Davis would join them. Captain Davis told Bushnell to “take the little thing 
home and worship it, as it would not be idolatry, because it was in the image of noth- 
ing in the heaven above, or on the earth beneath, or in the waters under the earth.” 

Bushnell felt the only way to succeed was to have Captain Ericsson present 
in Washington. He came to New York, saw Mr. DeLamater, and together they 
went to Ericsson’s home to consult him. The exact facts were not given to Erics- 
son, but he was told that some explanations were needed that he alone could make. 
He went to Washington that night. As soon as he appeared before the board, he 
was told that his plans had been rejected. His indignation impelled him to with- 
draw at once, but he stopped long enough to ask why they had come to that con- 
clusion. He was told that the vessel lacked stability. Huis technical skill being im- 
pugned, he explained with elaborate demonstration and so convincingly that Com- 
modore Paulding said frankly and generously:—“Sir, I have learned more about 
the stability of a vessel from what you have said than I ever knew before.” He 
was told the next day by Secretary Welles that a contract would be awarded, and 
was asked to proceed at once with the work. Chas. W. MacCord was his 
daughtsman and worked day and night on the plans. The contract was signed Oc- 
tober 25. The keel of the Monitor was laid by Thomas F. Rowland at the Conti- 
nental Iron Works, Greenpoint, Long Island, on the same day. Steam was ap- 
plied to the engines at the DeLamater Iron works, December 30. Ericsson’s work 
during those three months was herculean. Not only the necessary labors, but the 
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worries from continued doubts sent from Washington, required almost superhuman 
power. 

The Monitor left New York harbor March 6, 1862, commanded by Lieut. Com- 
mander John L. Worden, arriving at Hampton Roads on the morning of the 9th, 
and before the sun set that day the famous battle of the Monitor and the Merri- 
mac was fought. The Monitor conquered the Merrimac before she had been ac- 
cepted by the Government and Captain Ericsson was permitted to receive his final 
voucher on March 16, one week after he had demonstrated that the doubts at Wash- 
ington were without foundation. : 

The war vessel was changed in one day. The Monitor type became the war ves- 
sel of the world. 

Besides Commander Worden, who maneuvered the vessel and directed the bat- 
tle from the conning-tower, the crew of the Monitor consisted of :—Lieut. Samuel 
Dana Green, 1st Masters Louis W. Stodder and John J. W. Webber and Acting 
Master Howard, all in the turret, handling the guns; Asst. Surgeon Daniel C. 
Logue, Quartermaster Peter Williams, Paymaster W. F. Keller, Chief Engineer 
Alban C. Stivers, U. S. N., 1st Asst. Engineer Isaac Newton, 2nd Asst. Engineer 
Albert B. Campbell, 3rd Asst. Engineers R. W. Hands and M. T. Sunstrum, Pat- 
rick Hannon, Ist class seaman; Hans Anderson, sailor; Geo. S. Geer, fireman; 
Daniel Toffey, clerk; Wm. H. Nichols, wardroom clerk (colored). 

But it should be known that the men who actually operated the boilers and en- 
gines of the Monitor were the workmen from the DeLamater Iron Works who had 
built them, were familiar with them, and were paid by Mr. DeLamater. After the 
battle they returned to the works and continued their daily routine of duty as if 
nothing unusual had happened. Their names are, however, lost to history, as were 
those of many others connected with these works who performed equally important 
service for the benefit of the country and the world of industry at large. 

A note in the file of the Navy Department of the time reads:—“The Monitor 
—price, $275,000; time, 100 days; length of vessel, 172 feet; breadth of beam, 41 
feet; depth of hold, 1114 feet; draught of water, 10 feet; displacement, 1,255 tons; 
speed per hour, 9 statute miles. Sunk in gale off Cape Hatteras, December 31, 1862.” 

The success of the Monitor naturally focused the attention of the U. S. Govern- 
ment on Ericsson and the DeLamater Iron Works, and within a week they received 
a proposition to build six vessels of the same design but of various sizes, some of 
them much larger than the Monitor. Whether it were idolatry or not, the world was 
worshipping at its shrine. 

At this time something occurred which caused Captain Ericsson to leave his 
residence at 95 Franklin Street and move to 36 Beach Street, a couple of blocks far- 
ther uptown, where he fitted up a draughting room in which he drew the plans of 
these monitors and of all his subsequent work, and where he spent the remainder of 
his life. Not being in affluent circumstances at the time, as he was accustomed to 
spend his money freely in experimenting with his inventions, Mr. DeLamater pro- 
posed to purchase the house for him, but he courteously declined to accept the offer. 
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Propositions even from the Government are not orders, and it was over a year 
before the first one for another vessel of the monitor type materialized. This was 
for the Dictator, a much larger vessel than the Monitor, and it was built complete, 
hull, engines and all.equipment, at the DeLamater Iron Works. 

In contracting for the Dictator, the department conferred upon Ericsson the ex- 
traordinary privilege of constructing the ship and her machinery after his own plans. 
As an evidence of Ericsson’s mastery of his work, one fact will serve. It is embodied 
in the statement by the government inspector regarding the Puritan, her sister ship, 
the order for which followed shortly after that of the Dictator:—“I have to re- 
port that the draught of the ship at the midship section, through centre of forward 
turret, proved to be eleven feet, ten and three-quarters inches, while the launching 
plan called for eleven feet, eleven inches. Difference, one-fourth inch less draught 
than calculated.” 

The engines for the two vessels were duplicates and were built together at the 
DeLamater Iron Works. The hull of the Puritan was constructed at the Conti- 
nental Iron Works at Greenpoint, Long Island. At the launching of the Dictator 
it was found that its tremendous weight had so settled the ways in the filled-in land 
that great difficulty was encountered, and it was only in the third attempt that the 
launching was successfully achieved. 

The propeller of the Dictator was 20 feet in diameter and weighed 44,000 
pounds, which was quite a casting for those days, and Fred Sibley, who cast it 
from the foundry cupola, was justly proud of the accomplishment. The steam cylin- 
ders were 100 inches in diameter, the largest made up to that time. These vessels 
were not finished till after the war was ended and their use was not availed of until 
later. 
Several composite wood and iron monitors were built at the Brooklyn Navy 
Yard and had their boilers and engines made at the DeLamater Iron Works so that 
the latter had to expand through to 14th Street on one side and to 12th Street on 
the other to take care of all the work that fairly poured in upon them. 

Mr. DeLamater never held himself aloof from his men, and anyone down to the 
most lowly of his employees could approach him without ceremony, and yet he was 
always dignified and commanded respect. On this account he was very popular 
with the men, and this was generally known among the masses throughout the city. 
During the war, the great services which he was able to render to his country em- 
phasized his loyalty to the cause and endeared him more than ever to the people of 
the city. 

During the Draft Riots in 1863, when the mob was burning right and left and 
more than one large industrial plant was destroyed, a cry was raised by some one 
in the crowd to “burn the DeLamater Iron Works,” but the mob shouted “No,” 
and someone proposed three cheers for Mr. DeLamater, which were given with such 
a good will that it was evident there was no reason for anxiety on their account. 

In 1864, to take care of all the outside work, which had become as voluminous 
as the shop work, Jerry Mulford was made outside superintendent and George H. 
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Reynolds came to the works and was made general superintendent and chief en- 
gineer. Hugo B. Roelker was made chief draughtsman and James Miller head fore- 
man. 

In the early forties Robt. L. Stevens of Hoboken, one of the foremost engineers 
of his day, conceived the idea of a floating battery with cannon mounted on deck and 
operated by chains from below the deck, which was ironclad, as well as the sides for 
some distance down below the water line. Considerable mystery surrounded its de- 
sign, and its construction was shielded from view by a shed over the yard at Hobo- 
ken which completely inclosed it. Stevens and his draughtsman, Myers Coryell, 
worked on it for some years, but it was never completed. 

As fast as construction reached a point where it was considered invulnerable to 
the impact of any existing gun someone would develop a gun with greater penetrating 
power and work on the battery would he halted; then an overhauling would take 
place until its original design was entirely changed. 

At the death of Mr. Stevens, his son, Edwin Stevens, continued its develop- 
ment under the supervision of John Newton, Chief Engineer, U. S. N., who had the 
work performed at the DeLamater Iron Works, but finally it was turned over to 
the State of New Jersey and Governor Theo. F. Randolph in 1869 appointed a com- 
mission composed of Gen. Geo. B. McClellan, Gen. Fitz-John Porter, and Wm. F. 
Shippen to study its construction and report their recommendations. This com- 
mission reported unfavorably upon continuing its development and some years after- 
wards the DeLamater Iron Works was given the order to dismantle it, which work 
was directed by Mr. Geo. H. Reynolds, who practically blew it apart with dynamite. 
much to the terror of the citizens of Hoboken, who got out an injunction to stop 
him. But Mr. Reynolds saw to it that by the time it was issued the principal work 
had been accomplished, and it made no difference. 

In 1864, Mr. Alexander Holly, a well-known metallurgical engineer, returned 
from England, where he had gone in the interest of the Rensselaer Iron Works 
of Troy, N. Y., to investigate the Bessemer process of making steel then just de- 
veloped. He placed an order with the DeLamater Iron Works for a blowing en- 
gine for the converter of the plant, which was constructed at Troy, and the first steel 
castings made in this country were cast in an experimental furnace at the Troy 
works and used in the construction of this engine. A composite wood and iron 
coast survey steamer was built and launched at the works at this time. 

In 1865 Mr. A. K. Rider, previously referred to, had recovered his health suffi- 
ciently to be able to become active again and returned to the shop. His son, Thomas 
J. Rider, a husky lad of eighteen year's, came with him and served an apprenticeship 
in the shops and finally found a place in the draughting office under Roelker. The 
father had invented a cut-off valve for steam engines and this Mr. DeLamater took 
in hand and exploited with Mr. Rider in charge. Quite a business in standard and 
stock sizes of this engine was developed. 

Mr. Rider possessed a very inventive mind and he and his son proved to be 
great acquisitions to the personnel of the staff, the father designing and the son 
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making the drawings. He devised a method of sweeping propeller wheel moulds 
in loam which has been in use ever since. This not only eliminated the expense of 
an elaborate pattern but developed a truer screw. The works became famous for 
its propeller wheels .after this, and for many years it probably turned out more cast- 
ings of this type than all the foundries in the country put together, running over 
one thousand a year. 

In 1867 Mr. DeLamater decided to take a respite and perhaps retire from busi- 
ness altogether. He placed David M. Ripley in charge of the office and made Jerry 
Mulford general superintendent of the works. Mr. Reynolds became consulting en- 
gineer for several outside interests, notably the Zalinski Pneumatic Gun Company, 
and acted only in the same capacity with the works. After a year’s absence Mr. 
DeLamater became restless and responded to the solicitation of Captain Ericsson 
and took up the reins again. 

Meanwhile Captain Ericsson had developed a new caloric engine for pumping 
water. The city was growing rapidly and Croton water would not run even to the 
third story of the buildings. Land values were increasing, causing people to build 
higher houses, and of course it was necessary to have a means of supplying water 
to their upper floors. The only available plan at that time was to have a tank on 
the roof and an engine in the basement. The engine had to be absolutely safe and 
reliable and simple enough to be attended to by the janitor or his wife who, as a rule, 
were rather an ignorant lot. The caloric engine answered these conditions perfectly, 
so between ““Ericsson Pumpers” for the smaller sizes and Rider’s hot air pumping 
engines for the larger, they did a business of about 12,000 in New York City alone. 
Alex. Miller, son of the head foreman, handled the Ericsson caloric engine and Tom 
Rider had charge of the Rider steam engine and the Rider hot air pumping en- 
gine. All this time they were doing a lot of marine work, building new engines 
and boilers and repair work. 

After a while Alex. Miller left the works, and Tom Rider was given charge of 
all the caloric engine work. Rider wanted to improve the efficiency of the Ericsson 
Pumper, but Mr. DeLamater strongly opposed tampering with it on account of his 
confidence in Captain Ericsson’s ability. Finally, however, he allowed him to experi- 
ment with it and the result was most gratifying, for he increased its pumping ca- 
pacity over 80 per cent. 

Alexander Rider also developed a gas engine, and it may be interesting to note 
that he was the inventor of the method of igniting the gas with a spark generated 
by a dynamo which is now in general use in all internal-combustion engines. 

In 1864, A. P. Robinson, an engineer, had designed a steam subway somewhat 
after the character of the London subways, but he did not develop it. This was 
followed by the Beach pneumatic transit system of subway construction, projected 
by Alfred E. Beach, proprietor of the Scientific American, who succeeded in ob- 
taining a franchise to install two small tubes side by side for transporting packages 
from the City Hall up Broadway to Harlem. Beach exhibited an experimental sec- 
tion of a tunnel 9 feet in diameter in 1867 at the American Institute Fair in Ar- 
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mory Hall, 14th Street and Sixth Avenue, with a car for passengers operating for- 
ward and backward through it, propelled by fans, one at each end of the tunnel, 
alternating by pressure and exhaust, and later began construction of a tunnel of 
similar design in Broadway at Murray Street. When his attention was called to 
the difference in design between the one large tube as constructed and the two small 
ones mentioned in the franchise, Beach said he would put the two small ones inside 
the large one some time, but only a short section was ever completed. 

In 1868 Charles T. Harvey, an engineer who subsequently became known as 
“the father of the elevated road,” took out patents for a road of that character to be 
operated by a cable with power developed by stationary engines located on the 
ground. The cable sections extended over some 1,500 feet of track and carried 
on them at intervals washers intended to strike on a boot, lowered from the car. The 
impact of the washers on the boot would extend a spring and thus allow the car to 
be impelled with gradually accelerated velocity. A section of this road was built 
from the Battery up Greenwich Street to 14th Street and was intended to extend 
from there to Kingsbridge and Yonkers. This method of propulsion did not prove 
to be successful, and pneumatic power was considered with stations for air compres- 
sors and storage tanks placed at intervals along the road from which locomotives 
would be charged. 

In all of this development Mr. DeLamater took great interest, offering the use 
of his works for experimental purposes and getting much of the work of construction. 

In 1875 Mayor W. H. Wickham appointed the first Rapid Transit Commission 
to consider the general subject of transporting the public about the city, together 
with the various projects already presented, and placed on it Messrs. Jos. Seligman, 
Chairman, Lewis B. Brown, Chas. J. Canda, C. H. DeLamater and Jordan L. Mott. 

Out of the muddle into which that arch politician Tweed threw everything by 
introducing a bill at Albany to put a masonry elevated road through the center of 
the city blocks, there finally emerged the New York Elevated Railroad on Ninth 
Avenue promoted by Harvey and designed by the engineer, John Baird, and the 
Metropolitan Elevated Railroad, projected by Col. Q. A. Gilmore. 

Later, when the horse was supplanted by the cable on the surface car lines, the 
grips and castings for the cable conduit were made at the works. 

In 1869 there was an insurrection in Cuba and the Spanish government, wish- 
ing to protect the island from filibusters and insurgents, sent Capt. Raphael de Ara- 
gon to Mr. DeLamater, commissioned to spend a considerable sum, but without any 
plan. Naturally Ericsson was consulted. He had just been studying the defense 
of Sweden, and at once suggested a scheme to build thirty gunboats, each armed 
with a 100-pounder gun mounted on her bow. He named two conditions only—to 
make his plans without submitting them and that DeLamater should execute the 
contract. The contract called for completion in eight months and they were ac- 
tually completed in seven, notwithstanding the fact that the insurgents interposed 
many serious obstacles by litigations in the courts. The hulls of fifteen were 
built in Mystic, Connecticut, ten in Brooklyn and five elsewhere. The engines were 
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built at the works and all the equipment was assembled there and installed in the ves- 
sels. When all were completed, Jerry Mulford was delegated to find crews for them. 
This was not an easy job, but he went out hunting for men and finally combed up 
West Street in great shape, securing enough to man them, and they sailed away in 
two detachments of fifteen each. The works were paid $60,000 in gold for each 
vessel, equivalent in those days to $90,000 in currency. Some years later the de- 
signer and builder each received from the Spanish government the Commander’s 
Cross of the Order of Isabel la Catolica, in recognition of their services. 

When in 1870 Mr. George H. Robinson, a son-in-law of Mr. DeLamater, be- 
came his partner, he found that an arrangement between Ericsson and DeLamater 
had been in existence for many years to the effect that for whatever experiments 
Captain Ericsson wished to make at the Iron Works, either in building or testing 
new machinery, no order was to be questioned. No bill was ever rendered to Erics- 
son by DeLamater, and Ericsson made no charges to DeLamater for his services 
in furnishing plans and engineering advice at any time. In balancing the old books, 
items aggregating $260,000 were charged off representing a part of the expendi- 
tures, yet the arrangement was one that neither party ever had cause to regret. 

I have already mentioned an instance where Captain Ericsson was in serious 
financial stress, but this was not always the case with him. I might mention that 
on one occasion, when Mr. DeLamater was in some pecuniary strait, he called upon 
Captain Ericsson for assistance, and received this answer to his application :— 


“Dear Harry: I do not regret, and I am sure you need not, that you called on 
me to give you a lift in your trouble. Taking my ability for granted, there is not a 
man on earth you could with more propriety come to. There is, however, abundant 
cause for regret that my means are at present so limited that I cannot offer a lift 
worth accepting. The small amount of $50,000 mentioned yesterday is at your 
service. 

“T am, dear Harry, 
“Yours truly, 
“J. Extcsson.” 


Mr. DeLamater was the most intimate friend Captain Ericsson had. They 
were in almost daily communication and for about twenty years Mr. DeLamater 
dined at Captain Ericsson’s every Monday, but even his great friend “Harry” could 
not induce him to change his daily routine of life which kept him confined to his 
house continuously, and he rarely saw anyone else except the men immediately en- 
gaged on his work, among whom were Samuel W. Taylor, his secretary, and V. F. 
Lassoe, his superintendent. 

At one time General McClellan expressed a desire to meet the man who 
had done so much to turn the tide of the war at a critical period. When his 
wish became known to Captain Ericsson, the latter said that he was very much com- 
plimented, but that he was getting to be too old to make new acquaintances and he 
would have to be excused. Mr. Geo. H. Robinson, who had a business appointment 
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at a specified hour on a certain day every week, had to be prompt to the minute, 
and at the end of the allotted time Captain Ericsson would rise and say:—‘“I am 
sorry you cannot stay any longer,’ and the conference would end. 

In 1871 John T. Waring conceived the idea of a rock drill operated by steam 
power and came to the works to have it developed. Almost simultaneously, by one 
of those curious coincidences which frequently show that a common need causes 
minds who feel it to develop similar projects, Simon Ingersoll and Addison C. Rand 
brought in their more completely developed plans for manufacture. These were 
adopted and a considerable business in them was developed. In open work steam 
power was attended by little inconvenience, but in confined work in mines and tun- 
nels the difficulties were great and a substitute for steam was sought. Ericsson 
was consulted and over night he produced drawings for an air compressor, and the 
works built many of them from this design for years. One order was for a large 
number of these rock drills and eight compressors cut up into parts of less than 
300 pounds each for transportation on mule back and to be bolted together at the 
site, for Henry Meiggs, an American engineer who was then building his rail- 
road and tunnel through the Andes Mountains above Lima, Peru. A large amount 
of hoisting machinery was built at this time for the Witherbee-Sherman Iron Mine, 
near Lake Champlain, and large steam hoisting engines for the Calumet and Hecla 
and other mining companies in the Lake Superior district ; also gun carriages for the 
new 12-inch rifles at Sandy Hook, and large fog horns operated calorically for the 
Atlantic Coast Lighthouse Service and for similar service in England. 

In 1869 there was a contract taken for the steamship City of Merida, or No. 
183, as she was known in the shop. Tom Rider was delegated to make the drawings 
under Mr. Reynolds. Reynolds was busy with other work, however, and could not 
give much time to it and he had finally to go to Havana, so that Rider was left to his 
own resources. Mr. DeLamater placed the responsibility on him, told him it was a 
time contract with a forfeiture if not completed in time, and gave him full authority 
to go ahead. 

Mr. DeLamater had the satisfaction of knowing that there were no mistakes in 
all the drawings made. The work was finished on time and she was the finest ves- 
sel running between New York and Havana for years, finally being burned in Ha- 
vana Harbor. 

Neither of the Riders, father nor son, was directly connected with the De- 
Lamater Iron Works for some time after 1872. They went to Venezuela to a 
gold mine, where both caught the malarial fever and dragged themselves home more 
dead than alive. 

In 1874 came the “Cuban Scare” and the monitor Dictator was hurried into ac- 
tive service. The DeLamater works had built both hull and machinery originally, 
and to them was entrusted her overhaul. She left for the rendezvous in charge of 
her consort, which lost her during a bad storm off Savannah. The consort put into 
that port, and it was telegraphed from there that the Dictator was lost with all on 
board. Mr. Robinson was summoned to the Navy Yard and requested to convey the 
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intelligence to Captain Ericsson. He reached his home late in the afternoon. Erics- 
son was overwhelmed at the news, but seeking a cause he finally concluded that her 
steering gear must have become disarranged. The next morning, when Mr. Robin- 
son reached his office, Ericsson’s secretary, Mr. Taylor, was awaiting him with the 
word that “the captain had been thinking things over and had concluded that the 
Dictator’s steering gear could not get disarranged, and that she would report at 
Key West within twenty-four hours,’ and she actually arrived there only a few 
hours later than the time predicted. 

In the early seventies Raoul Pictet, a Chemist of Geneva, Switzerland, had de- 
veloped mechanical refrigeration, utilizing anhydrous sulphurous dioxide as the cool- 
ing mixture. He exhibited a machine at the Centennial Exposition in Philadelphia, 
and afterwards the Pictet Ice-Machine Company was formed and had machines 
built at the works. © Other ice-machine designs followed, and the first ammonia ice 
machine which practically did continuous work was invented by a man named Smith 
and was manufactured in numbers. John C. Delavergne spent considerable money | 
experimenting on ice machinery and finally formed the Delavergne Ice Machine 
Company, which established its own plant at the foot of 138th Street and East 
River in the Bronx. ( 

In 1880 Tessie Du Motay and Auguste J. Rossi, two New York chemists, de- 
veloped a binary liquid for a refrigerant composed of ether semisaturated with sul- 
phurous dioxide, and an ice machine was developed to utilize it. An experimental 
plant was erected at the works and ice was manufactured there for demonstration 
purposes and aroused considerable interest among the public, which visited it in great 
numbers. Several breweries were equipped with these machines. 

Then Leicester Allen came with his Dense Air Ice Machine for marine service, 
for chemicals were thought to be too dangerous to use on shipboard. Several types 
of machines were tried without much success, and in 1888 Tom Rider designed the 
first one used in the U. S. Navy, which is still there, being built now by Hugo B. 
Roelker. He used a slide valve on the compressor to eliminate the noise and wear 
of the poppet valves and leather packing in the pistons of both compressor and ex- 
pander. Captain Zalinski, U.S. N., had his pneumatic-dynamite gun built there. 

It must not be supposed, because little mention has been made of other iron 
works in this monograph on the DeLamater Iron Works, that as the city grew 
there were no others established in it which were successful and took a pyomi- 
nent part in the industrial advance of the times. On the contrary, there were many 
on both the east and west sides of the city, with all of which the DeLamater Works 
held the most friendly relations, one helping the other on many occasions to do 
work for which it was especially equipped, or when it was hurried and crowded be- 
yond its capacity. 

Fletcher, Harrison & Co. established themselves early in the forties at Vestry 
and West Streets, one block above where the old Phoenix Foundry was, and re- 
mained there for many years till they outgrew the site and moved to Hoboken where, 
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under the name of W. & A. Fletcher Company, they still do a thriving business in 
river boats, engines, boilers and miscellaneous engineering apparatus. 

John W. Handren left the DeLamater Iron Works in 1868 and with David M. 
Ripley started the Albany Street Iron Works at Albany and Washington Streets. 
Later Mr. DeLamater’s son-in-law, John N. Robins, bought Ripley’s interest in the 
firm. The Morgan Iron Works at the foot of East 9th Street, which built the en- 
gines for the Providence and Bristol of the Fall River Line and many others; the 
Novelty Iron Works, Avenue D and 13th Street, which built the engines of the Arc- 
tic, Atlantic and Adriatic of the Collins Line and other early ocean steamers; and the 
Allaire Iron Works of T. F. Secor & Company at 455 Cherry Street, which built 
the engines for the Pacific and Baltic of the Collins Line, and others, were later com- 
bined by John Roach and did a large business in ocean vessels. The Quintard Iron 
Works at Avenue D and 11th to 12th Streets became an important adjunct to the 
engine and machinery manufacturing industry of the country, building the Ma- 
chias, Castine, Bennington and other vessels for the U S. Navy. Tugnot, Dalley & 
Company had a forge at 26th Street and First Avenue and made the wrought iron 
shafts for these vessels under a 7-ton tilt hammer. 

John N. Robins established, in connection with the Albany Street Iron. Works, 
a dry dock at the Erie Basin and started a development in that section of Brook- 
lyn which has continued and become of international importance. 

Ericsson had an exhibit of drawings and models of all of his inventions at the 
Centennial Exposition which attracted world-wide attention and brought the De- 
Lamater Iron Works before the world in a way that no amount of advertising 
could have done. 

The works had become not only nationally but internationally known by this 
time and was a mecca for inventors and promoters and anyone who had an idea to 
be developed. Many an impecunious inventor was welcomed, encouraged and the 
difficulties under which he was laboring to accomplish his aim removed and success 
brought to his efforts. Yo work there was a liberal education. In those days tech- 
nical schools were in their infancy, they could impart only engineering theory at 
the best, and students had to visit industrial plants during their course and, after 
graduation, spend some time in them doing whatever work they could in order to 
learn to apply practically the theories acquired. 

_ Students in the mechanical engineering courses of the School of Mines of Co- 
lumbia College, the Sheffield Scientific School of Yale College and other similar in- 
stitutions found an open welcome by Mr. DeLamater to come and spend time in the 
shops under the supervision of their professors of engineering. Some of these classes 
would spend a week there, giving a day to each of the departments, the draughting 
office, pattern shop, foundry, boiler shop, blacksmith shop and machine shop, and had 
to pass an examination afterwards on what they had learned. Many a graduate 
from these schools obtained his practical experience there who would otherwise 
have gone through the world only half as well equipped. To Mr. Roelker, chief 
engineer, they were particularly indebted for the help he gave them and his patience 
in giving it. 
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I went there myself on my graduation from Lehigh University in 1878 when 
I was twenty years old and spent four years there. As an example of the experi- 
ence a boy could get there let me refer to my own case. I spent one year in the pattern 
shop under Charles‘Van Wagenen with a follow-up under Fred Sibley in the foundry. 
I was assigned to Joseph Robert-Shaw, than whom there was no better pattern- 
maker in the country. Then came an introduction to metal working by several 
weeks of chipping castings, during the first part of which I had to take a day off 
once in a while to let my hands, which had become pulp from hammering them in- 
stead of the chisel, heal up. Head Foreman James Miller used to stand over me and, 
I imagine, with many an internal chuckle would encourage me to “keep at it, boy; 
you won’t be sorry some day,” and I never was, for in after years there were times 
when I have had pride in my prowess asa chipper when, taking the hammer and 
chisel from a workman, I showed a gang that I could handle tools myself and thus 
secured a respect which I might otherwise have missed. A year followed in the 
machine shop finishing engine parts on machine tools and then a year in the erect- 
ing gang, assembling machinery on the floor and on outside work, installing ma- 
chinery in the holds of vessels and in industrial plants. Six months of this time 
were spent at John Roach’s shipyard at Chester, Pennsylvania, installing in the 
Cromwell line steamer Louisiana the engines I had already helped to assemble in 
the machine shop. John Baird was the designer and engineer and his daughter was 
his draughtsman. She used to come to the shop and the shipyard and give directions 
like a veteran. Then I spent a year in the draughting office, first under Roelker on 
general work and later under Geo. F. Meyer on ice machines, and while with him 
I prepared a paper on Mechanical Refrigeration and presented it in 1881 to the first 
annual meeting of the American Society of Mechanical Engineers at Hartford, Con- 
necticut. Starting in at .03 cent per hour, the regular apprentice wage, my pay was 
increased without solicitation, as I showed any qualification for advancement. Three 
dollars and sixty cents seems an insignificant sum in these days to receive for six 
days of ten hours each, but I would have considered myself fortunate to have been 
permitted to work there for nothing, so valuable was the experience I was able to 
gain, and I now regret that I accepted an offer to take a position as engineer for a 
rolling mill instead of staying there longer. 

During my stay the works were a veritable nursery, from which inventors who 
had had their ideas developed and made practical were started out in business for 
themselves. Among the principal mechanisms that come to my mind as having been 
developed while I was there are the Ingersoll rock drill, the Rand air compres- 
sor and the Delavergne ice machine, but there were many others of minor note. 

The diversity of work performed may be indicated by comparing what I have 
already enumerated with a few others which come to my recollection. For in- 
stance, there was a wooden cannon of about 12-inch diqmeter, painted black to re- 
semble iron, made in the pattern and machine shops for a vaudeville performer. A 
cannon fire-cracker, exploded in the iron-lined breach, was to make the noise, while 
a spring released by a string, pulled by the man who lighted the cracker, was to 
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eject a black 12-inch wooden ball which the “strong man” was to catch when it was 
impelled across the stage. On the evening of the first performance, all hands hay- 
ing been furnished free tickets, repaired to Tony Pastor’s Theater, then at Spring 
Street and Broadway. The fire-cracker exploded all right, but the man in the ex- 
citement of the moment forgot to pull the string at the right instant, and the ball 
did not make its appearance till just enough interval had elapsed to spoil the illu- 
sion. This slip caused amusement rather than astonishment as intended, but they 
got things to synchronize better the next night and the apparatus traveled all over 
the country and later was developed into a gun which shot a woman into the air and 
she was caught in a net. 

The double stage at the Madison Square Theater, located on 24th Street just west 
of the Fifth Avenue Hotel, was designed and constructed there. One stage was built 
on top of the other and was raised and lowered by hydraulic power. The scenery 
was set on one while the play was acted on the other, and there was little delay be- 
tween acts. Mr. Reynolds had this in charge, and some of us who worked on it had 
free admission to see Hazel Kirke, a play which had a long run there. 

Captain Ericsson was at work on harbor defense at this time and developed, 
after years of trials, the Destroyer, which carried a submarine gun and discharged 
by compressed air a projectile 30 feet long, loaded with 350 pounds of explosive. 
A test was made for General Grant and it performed what its designer claimed for 
it. It hit a target 10 feet square, 10 feet below the surface of the water, travers- 
ing the distance—300 feet—in less than three seconds. This was a torpedo-boat but 
not a submarine, and torpedo-boat destroyers are of similar design now. On the 
afternoon the Destroyer was launched the works had a half-holiday and beer 
was supplied to all the men. It was thought that Captain Ericsson might come to 
see the launching but he was satisfied to wait till his secretary, Taylor, and his en- 
gineer, Lassoe, same home to tell him that it was successful and that she drew just 
as much water as he had calculated. 

John P. Holland, a school teacher,had his first successful submarine tor- 
pedo boat built there, which for years made underwater trips of long duration in 
the harbor and waters about New York. 

Bricsson built a small steam-engine at this time which, at the rate of 1,300 revo- 
lutions per minute, drove the electric lighting plant of the works without any repair 
or renewal of any brasses for about twelve years. 

A duplicate of this engine, beautifully nickeled and handsomely mounted, he pre- 
sented to the King of Sweden. 

Col. Edwin Stevens of Hoboken, whose grandfather and father built the Ste- 
vens Battery and who was himself a capable mechanical engineer, owned the fer- 
ries running from New York to Hoboken. Desiring to improve his ferry-boats he 
designed some with twin screws fore andaft. These were built at the DeLamater 
Iron Works and proved to be such a great success that practically all New York 
ferry-boats were afterwards of the double-end screw type. 

To continue to recount the varied character of work performed at these works 
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would be an almost endless repetition of what has been enumerated and a summary 
of all the various kinds of mechanisms which have contributed to the advance in 
progress of the country at large. 

Let me, however, in the words of Mr. Thos. J. Rider, give an account of some of 
the occurrences which happened in the early eighties after I left there just to furnish 
an insight into the character of the man Cornelius H. DeLamater himself, and to in- 
dicate what the men thought of him and would do for him. 


“The year 1888 was an eventful one, the winter was very severe and I had 


plenty of trouble with the janitors letting their pumping engines freeze and burst. 


Then when we all felt we were through with it the blizzard came and snowed us all 
up. Several of us were in Mr. DeLamater’s office when Charley Capes, the pay- 
master, came in to ask what he would do about paying off. He could not get to the 
bank and didn’t think anyone would be in if he could get there. Mr. DeLamater 
spoke up and said he had been in business nearly fifty years and in all that time 
he had never missed paying his men on Monday but once before, during the Civil 
War, when the clerk who was sent for the money ran away with it and it was too 
late before they found out what had happened to do anything about it that day. 
He told us how the fellow was caught soon afterwards and most of the money re- 
covered, and how he promised that if he would enlist in the army he would be al- 
lowed to go. Mr. DeLamater told Charley to pay anyone who came to the window 
that night if it took every cent in the place, not only in the safe, but all that we in 
the office had in our clothes and he would reimburse us, but no one came in, for the 
men who were there in the morning had all gone home long before. 

“In April a very disastrous fire happened about 9 o’clock in the evening. We 
lost nearly all of our patterns and the Ericsson Pumpers that we had in stock for the 
summer business; in fact the pattern shop and machine shop on the north side of 13th 
Street, together with the pattern loft and storage room, were all destroyed. As 
usually happens, the city had been doing something to the water pipes in the street 
and the water was shut off. Maybe we did not have to hustle that summer! Well, 
we filled all our orders, but I did not get a full night’s sleep till the first of Novem- 
ber after our rush was over. We were building at the time of the fire a lot of steam 
stokers which were on the ground floor of the damaged shop, and the most excited 
man around was the man for whom they were being made, who had quite a lot 
to say and was wild for a while. 

“However, they were hauled out as soon as possible and found to be in fairly 
good condition and were finished and shipped without much loss of time. 

“The Knights of Labor were strong in those days and gave us some trouble. 
We had several strikes and during one of them we were building some large ice 
machines for a brewery on Staten Island. It was a time contract and was well 
along and the time was getting short. 

“One morning one of the foreman spoke to me and said that they had been 
talking it over among themselves and that there were fourteen men, foremen and 
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assistant foremen who could take hold and finish them if I would be boss of the 
gang, in order to help Mr. DeLamater out. He asked me to speak to Mr. DeLamater 
about it, which I did. After a few minutes consideration, Mr. DeLamater told me 
to thank the men for him and give him their names, but that if the machines were 
finished during the strike the brewery would be boycotted and therefore it wouldn’t 
do. However, it would give him a chance to get an extension of time. He mentioned 
it to me several times afterwards and was very grateful for the offer. 

“Just to show what we could do when the need came, I will cite an instance. 

“An English steamer arrived with its low-pressure piston broken; it was, I 
think, 100 or 110 inches in diameter. She was scheduled to sail on the return voy- 
age in just a week; the DeLamater Iron Works was called up and the situation ex- 
plained. After estimating carefully, we promised to make a new piston and have it 
in place so that the vessel could sail on time. This was cabled to the other side and 
the answer came back that it was impossible; no one could make so large a piston 
in that time that would be safe. The agent of the line was authorized to secure 
another boat to take her place. We assured him, however, that we could do the 
job and he told us to go ahead. We made the necessary patterns and cast it in the 
time we had calculated and it was on the boring mill by Friday afternoon. The 
little Irishman who ran the boring mill kept it going till Monday morning, when his 
job was done, and he said he was going home to get some sleep. It was hot weather 
and with the fine cast-iron dust and his perspiration he was as black as the ace of 
spades. Another gang took hold then, fitted the piston rings and plugged the core 
holes. At 5 p.m., Monday, it was on its way to the ship. About 5 a.m., Tuesday, 
sailing day, it was in place and the cylinder head screwed down all ready for steam. 
She arrived on the other side without trouble, but the owners said that the piston 
was made too quickly, that it was taken out of the sand too soon and would break 
from internal strains. They had another made in the meantime with over two 
weeks to do it in. They removed our piston and put in theirs, but they took the 
precaution to carry ours in the hold for a spare, which was lucky, as it turned out, 
for on her return trip the new one broke and they put in ours at sea and came right 
along.” 


I could continue to give further personal reminiscences and more accounts of 
remarkable work performed at these works, but what I have recounted will have 
to suffice as giving a fair idea of what they accomplished and what they stood for 
in the world and in their time. 

Mr. DeLamater died of pneumonia after two days’ illness, on February 7, 18809, 
in his sixty-seventh year, and impressive ceremonies were held on Sunday, February 
10, at two oclock at the Church of the Divine Paternity, then at Fifth Avenue and 
45th Street, and the Rev. J. M. Pullman of Lynn, Massachusetts, who had been 
Mr. DeLamater’s pastor when he was in New York, delivered a beautiful eulogy, 
listened to by hundreds of his old and faithful employees. The choir sang the hymns, 
“Nearer, My God, to Thee” and “O, Ye Disconsolate.” 
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The pall-bearers were Chas. L. Southmayd, Wm. H. Fletcher, Chas. H. Mal- 
lory, Elihu Spicer, Samuel H. Seaman, Frederick Weed, John Dewsnap, Wm. Hogg 
and Myers Coryell. The chancel was filled with flowers sent by his many friends 
and organizations to which he belonged, including the Union League Club and the 
Society of Mechanics and Tradesmen, to both of which he had been a devoted ad- 
herent. On the casket rested a cluster of delicate roses, a tribute from Captain Erics- 
son. He was laid to rest in Woodlawn Cemetery, a special train carrying over five 
hundred of the men who wished to accompany the body to the grave. 

Cornelius Henry DeLamater was born in Rhinebeck Heights, Duchess County, 
N. Y., on August 30, 1821. His parents, William and Eliza Douglass DeLamater, 
moved to New York City when he was 3 years old. They had very little means and 
after a common school education the boy started out to earn his own living as 
chore boy in the hardware store of Swords & Company at the age of fourteen. At 
twenty he left to join his father in the newly established Phoenix Foundry, which he 
soon bought, and his subsequent career has been told in these pages. 

I quote a few excerpts from the address of Rev. J. M. Pullman at Mr. DeLa- 
mater’s funeral which I have edited so as to make them read with some continuity 
of sequence. 


“Let me carry your minds back to the time when Mr. DeLamater had been in 
business in this city for about twenty years. Some of you can remember the finan- 
cial depression which occurred at the time 1 refer to. I need not specify particu- 
lars regarding his own condition, but he found his promising business career em- 
barrassed, and it looked as though the business structure that for so many years he 
had been building up was in danger of falling—must fall. But there was another 
structure, his reputation, that he had been building up among his fellow business 
men during all those years that was to be tested. What did he do? He went around 
to the men to whom he owed money, his creditors; he showed them the condition 
of his affairs; he practically placed himself in their hands. He said, “This is what 
I have; that is what I owe; these are the conditions of my business. You know my 
character. I believe that I can bring the business through the crisis with your help 
so that none of you shall lose anything.’ Now, he had been building up a business 
that was represented visibly to the eye, but he had been building up a character that 
was, in the estimation of those men, just as substantial, and that turned the scale of 
his fortune, and they consented to any arrangement that he thought fit to make. 
He made the arrangement and in a short time he restored his business to a paying 
basis. He continued meanwhile to shelter his family in a rented house, and before: 
he bought himself the house at 424 West 2oth Street, in which he spent the last years 
of his life, he gave a dinner to his creditors, and when they sat down at the table 
every man found under his plate a check covering not only the principal but the in- 
terest on what was owed him. That incident tells its own story. Not an extraor- 
dinary story, you may say. No, thank God, no. It is not at all without its parallel. 
But that shows the kind of man Mr. DeLamater was. 
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“From the time he first entered business as a boy he had the faculty of putting 
himself in the place of the man he was dealing with. He possessed the rare gift 
of intuition. He could understand the mentality and point of view of the other man. 
He was a just man, therefore, because he never considered his personal interests 
alone without considering the other man’s interests at the same time, even if he 
were the humblest man in his employ. He did as he would be done by in each in- 
stance or he tried to, at all events, as much as one busy man can with as large a 
force of employees as he had, and the men knew that he was honest and fair. They 
also knew that he was a kind, loving man. The testimony never will be gathered 
here, never written in any book, but it lies deep in the hearts of his men, so that some- 
where in this great universe it is all stored up, his great kindness to his men, his 
sympathy for them in sorrow or affliction at home, to those who were in financial dis- 
tress or any other trouble. He had a heart that could feel for men who were weighed 
down by sin, yes, and by crime, and he knew how to mingle mercy with justice; and 
that is the reason the DeLamater Iron Works were not burned up in the riots of 
1863. 

“He was not demonstrative, but he was positive, and when he said a thing he 
meant it. He was a broad-minded man. Ardent, capable and successful; a lover 
of literature, of art, capable of various lines of abstruse thought, and a student of 
philosophy. He was a devout worshipper at the shrine of nature. At his beautiful 
summer home, Beacon Farm, of some 1,250 acres near Northport, Long Island, he 
had some of the finest blooded cattle in America. 

“Let me tell you an occurrence that happened to me there about ten or twelve 
years ago. He took me with him one evening down to his home and a party of us 
went out sailing on the bay. After awhile the wind fell with the setting sun, and 
a little steamer came out to take us ashore and then he proposed that we, he and 
I, as the night was going to be fine and as there was to be a moon, should stay in the 
sailboat and drift in with the tide. Those of you who appreciate a full moon at 
sea will understand the beauty of the situation as the night drew on. The moon rose 
higher and higher in the sky and drew the tide up farther and farther in the bays. 
Silently, noiselessly, every little crevice, creek and indentation was filled. The tide 
rose, without a sound or ripple, and took the boat in which we sat, by almost imper- 
ceptible degrees, towards the land. This was a matter of three or four hours, and we 
had been busy talking of the future and of what would be the hereafter, and then 
came one of those periods when a man wishes to be silent and to think things over. 
We were silent perhaps for an hour, drifting in, little by little. There was the moon 
in the heaven; here were the waters; here was the land; here was the little boat ; here 
were we. Finally his deep voice broke the silence: “Mr. Pullman,’ said he, ‘what is 
your strongest proof of the existence of God?’ I said, ‘My own existence. I can- 
not account for myself, nor for you, nor for any of us with our wonderful organism 
and the equally wonderful world about us, all fitted together in one infinitely great 
machine working harmoniously from the infinite past through all eternity. Look 
at it, said I; ‘we have been sitting here 10 or 12 feet apart for an hour, as much 
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alone as if there were no other creature in the universe, you thinking your thoughts 
and I thinking mine. The universe has given us our wonderful physical and mental 
development. I know by the nature of my own wonderful personality that 1 was 
not an accident but the result of the design of an omniscient and omnipotent God.’ 
Then silence came again. There was thelanding stake, and slowly we swept toward 
it. Finally he said slowly, ‘Well, I don’t see any way of avoiding your conclusion.’ 
And so our evening ended. But the memory of that moonlight night, the memory 
of his composed, thoughtful face, the memory of his simple, straightforward words, 
will, I hope, remain with me so long as I have in this or any other world the sense of 
memory left.” 


By the articles of copartnership, it was agreed that the works should be con- 
tinued for six months by the surviving partner after the decease of his associate, 
and under this stipulation they were conducted by his son, William DeLamater, till 
1890, when they were closed down and Mr. DeLamater willed his interest to his 
widow. Hehad'five daughters and one son. Laura married Mr. Leander A. Bevin, 
who was in the machinery business in New York City and acted as one of the ex- 
ecutors of the estate. Sarah married Mr. Geo. H. Robinson, who became Mr. De- 
Lamater’s partner and continued so till 1887, when other interests required his 
whole attention. Lidie married Mr. John N. Robins, who became associated with 
the Albany Street Iron Works and later formed the J. N. Robins Ship & Dry Dock 
Company in the Erie Basin, which he developed till it became a great and paying 
institution. Zillah married Mr. George Moore, a lawyer of Detroit, Michigan. Adah 
married Mr. Charles Vezin, a merchant of New York City. 

The son, William DeLamater, as a young man, was connected with the works, 
having special charge of the derrick and handling the launching of vessels and load- 
ing and unloading materials at the wharf. When his father died William DeLamater 
took his place and remained its head until it was closed down in 1890. 

It was in the minds of most men a great calamity and loss to the world that 
Mr. DaLamater should have died when he did and that the great works which he 
built up and maintained with so much effort and at times with severe struggle, and 
which always took such a prominent part in the history of the nation, should have 
ended its career simultaneously. 

But the first was the will of the Almighty and the second was the wish of the 
owners, and the world has to abide by both. 

Many of the older workmen went out into the world and, although late in life, 
started careers which became noteworthy. 

Captain Ericsson did not survive the loss of his closest friend. He died on 
March 8, one month later almost to a day, at the age of 85 years, 7 months and 7 days. 
With one accord the nation mourned the loss of a man whom scarcely anyone knew or 
had ever seen. But the world acclaimed his genius and desired to pay tribute to it. 
On Monday, March 12th, his house at 36 Beach Street was thrown open early in 
the morning and for several hours a human stream of thousands viewed the re- 
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mains of him of whom they had read and heard so much but had never seen. At 
noon the casket was closed and, accompanied by the pall-bearers and a procession 
of some 500 delegates from the DeLamater Iron Works and other organizations 
which desired to pay their respects to his memory, the body was removed to Trinity 
Church. 

Leading the procession to the church were the Swedish Consul Bors and Vice- 
Consul Raven, Commodore Joseph Tooker representing the Navy, Mr. Charles E. 
Emery representing The American Society of Civil Engineers, Dr. C. W. Torry the 
American Society of Mechanical Engineers, and Mr. John N. Robins representing the 
DeLamater family. 

Following these came Captain Ericsson’s superintending engineer, Mr. V. F. 
Lassoe, his private secretary, Mr. S. W. Taylor, and his executors, Messrs. George 
H. Robinson, C. S. Bushnell, Edw. Sprout and W. H. Wallace. 

The pall-bearers were Wm. DeLamater, L. A. Bevin, Dr. T. M. Marcoe, Dr. 
Joshua C. Boulee, Prof. R. Ogden Doremus, Chief Engineer C. H. Haswell, U.S.N., 
Chief Engineer C. H. Loring, Chief Engineer W. W. Duncan, U. S. N., Chief 
Engineer David Smith, U. S. N., Alexander Pollock, Thos F. Rowland, John O. Sar- 
gent, Col. Robert G. Ingersoll, George T. Van Wagenen, H. T. Brown, John P. 
Kelly, Prof. C. W. MacCord, Col. Wm. C. Church, John L. Haskell, Jas. A. Rob- 
inson, Geo. FE. Pond, John K. Haskins. The Episcopal service was rendered, Rev. 
Morgan Dix and the staff of the church officiating. The choir sang the hymns, 
“Lead, Kindly Light” and “I Heard a Voice from Heaven.” 

After the ceremonies the casket was removed to the marble receiving vault in 
Second Street between First and Second Avenues to await the formal arrangements 
of the Swedish Government, which had requested permission to have the body trans- 
ported to Sweden for burial. 

The Swedish Technical Societies and the Swedish Glee Club accompanied the 
body and placed it in the vault with appropriate ceremonies. 

It was not until August 23, 1890, that arrangements were completed between the 
Swedish and United States governments for the removal of Captain Ericsson’s re- 
mains to his native land. New York City made that day notable. The New York 
Times of the following day devoted nearly a full page to its account of the occasion. 
Excerpts from its columns read :— 


“This city was the scene yesterday of one of the most remarkable tributes ever 
paid by a people to the memory of a great man. It was the day appointed for the 
removal of the remains of Capt. John Ericsson from this country which he loved so 
well and for which he did so much, to the land of his birth, where he was held in as 
high esteem as here. The city was decorated with bunting and the shipping along 
the water fronts of New York, Brooklyn and Jersey City was dressed in colors, re- 
gardless of the nationality. Vessels in the harbor vied with them. 

“The ‘event must stand as unique in the records of public ceremonials in the 
city. Such general decoration and so large a concourse of people had never been 
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seen here in honor of the memory of one man except when the hero of Appomattox 
was carried to his last resting place, and the exhibit of sentiment was all the more 
remarkable in that it seemed to represent an awakened appreciation of the qualities 
of a man so retiring and unobtrusive in his personality that to the mass of the citi- 
zens who turned out to do him homage he was an entire stranger. 

“But if in his long lifetime he had been a popular hero the tribute of the people 
could not have been more earnest or devoted. The start of his journey homeward 
was all that a hero’s could have been. 

“From the hour that the city awoke to find itself arrayed for the occasion until 
the fleet of warships had given the parting salutes to the ship to which Sweden’s 
precious freight was consigned, it was Ericsson’s day in New York. 

“The ceremonies were begun in the Brooklyn Navy Yard in the early morning 
when the battalion of marines and squad of bluecoats who were to serve as actual 
pall-bearers were assembled and marched on board the government tugs Catalpa and 
the George Starr. These boats drew up at the pier at East 3rd Street at 11.15. The 
men landed and marched through 3rd Street to First Avenue, thence to 2nd Street 
between First and Second Avenues facing the Marble Cemetery, where the remains 
of Captain Ericsson had rested for a year in an underground vault. 

“Two flags, one the Swedish emblem and the other the flag that floated over 
the original Monitor, loaned by Mrs. John A. Griswold of Troy, were interwoven in 
a handsome wreath of oak leaves and laid upon the casket. 

“The Swedish singing societies, who had gathered to the number of seventy-five, 
sang the ‘Battle Prayer.’ The procession, composed of the mayor of the city, Secre- 
tary of the Navy and many naval officers, formed in line and followed the Marine 
Band, which played ‘Nearer, My God, to Thee.’ 

“The route was through 2nd Street to Second Avenue to St. Marks Place to 
Sth Street to Astor Place to Broadway and thence to the Battery. On either side 
of the catafalque marched the following survivors of the Monitor :—Captain Louis 
N. Stodder, who was acting master; Patrick Hannon who was Ist class seaman; 
Hans Anderson, who was a sailor; Geo. S.Geer, fireman; Wm. H. Nichols (colored), 
wardroom steward; Daniel Toffey, clerk. 

“The following were some of the organizations in the line of procession:— 
Knights of Temperance, Odd Fellows, Grand Army of the Republic, DeLamater 
Iron Works, Swedish Engineering Societies, American Society of Civil Engineers, 
American Society of Mechanical Engineers, several posts of the Naval Veteran’s As- 
sociation, several temperance societies and many others. 

“The pall-bearers were sailors from the monitors in the bay, the Nantucket, 
Kearsarge, Petrel, Pensacola, RRS, Atlanta, Yorktown, Patapsco, Nahant, 
Montauk, Passaic and Catskill. 

“The casket was placed on the government tug Nina and accompanied by Cap- 
tain Tracy, Mayor Grant, Admiral Worden, Rear Admirals Gherardi, Walker and 
McCann, Geo. H. Robinson, Baron Beck Frue, Count C. Levenhaupt, Col. W. C. 
Church, O. S. Bushnell, V. F. Lassoe, and Samuel W. Taylor. The Nina steamed 
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out to the Baltimore, the most modern U. S. cruiser, where Captain Schley in charge 
waited to receive the remains. 

“When the remains with the accompanying party came on board the cruiser Bal- 
timore, Mr. George H. Robinson, speaking for the U. S. Government, addressed 
Captain Schley in part as follows: 

“ “Captain Schley, in the nation’s tribute to our illustrious dead the simple duty 
falls to us to yield to the claims of his mother country, that she may again receive 
her son. We send him back crowned withhonor, proud of the life of fifty years he 
devoted to this nation, and with gratitude for the gifts he gave us. 

““Was he a dreamer? Yes. He dreamed of the practical application of screw 
propulsion, and the commerce of the world was revolutionized. He dreamed ot 
making naval warfare more terrible, and the Monitor was built. Again he dreamed, 
and the Destroyer with its submarine gun was born. He dreamed of the possibili- 
ties of obtaining power from air at high temperatures, and behold ten thousand ca- 
loric engines. He dreamed of the sun’s rays in sandy deserts where water was hard 
to get, and the solar engine came; and so he dreamed and worked for seventy years. 

““To you, Captain Schley, we commit these remains. An honorable duty is 
yours, to deliver them to his native country. We shall keep his memory here.’ 

“After the closing exercises, the party returned to the shore and the cruiser Bal- 
timore weighed anchor and steamed down the bay, passing the Statue of Liberty, 
the emblem of that human possession for the preservation of which Captain Erics- 
son had devoted his great genius. As the cruiser passed through the ranks of the 
Monitors and other men-of-war, their guns and those of the forts at the mouth of 
the harbor thundered a salute and on land the church bells tolled a last farewell. 
Then the Baltimore proceeded with its Swedish convoy of battleships to the home 
port of Gothenburg, which was waiting to greet its arrival by a great naval display.” 


So fell the curtain on the last act in a great drama staged in a national theater, 
the DeLamater Iron Works, a glorious ending befitting the career of one of the 
two characters who built up an institution which served its country loyally in war as 
well as in peace for half a century. 

Then as if a relentless nemesis was awaiting an opportunity to obliterate the last 
vestige of the existence of the works, the city bought its West Side water front and 
cut a broad marginal way through it with modern piers facing on it, to accommo- 
date its shipping, and now the waters of the Hudson River flow over and past the site 
of the works and its name is no longer even a memory in the locality. 

A life-size statue of Captain Ericsson, with the model of the Monitor in his 
hand, stands at the battery. A life-size statue of Cornelius H. DeLamater should be 
erected in front of the 14th Street Ferry-house which adjoins the old site of the De- 
Lamater Iron Works and a bronze tablet recording the combined work of both these 
men should be placed on the front of the Cunard pier to mark the site itself. 

It was a fortunate circumstance that brought Cornelius H. DeLamater and 
Capt. John Ericsson together early in life and provided the facilities which the 
DeLamater Iron Works offered for the cooperation of these men in the fields in 
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which they were respectively great. Without Ericsson the DeLamater Iron Works 
might not have reached the distinction they achieved. Without the DeLamater Iron 
Works and the opportunity offered to experiment in them freely which Mr. De- 
Lamater extended, Captain Ericsson’s genius might never have developed to its full 
expression. Each supported the other in the drama which they played together for 
fifty years, and the world appreciated their accomplishment and realized their loss 
and at the end acknowledged its obligation to both. 

We who remain of those that worked on that stage will cherish our connection 
with it and as long as we live will endeavor to keep alive the associations which we 
enjoyed there during a very important portion of our lives. 


After several years had passed some of the men who had worked in the DeLa- 
mater Iron Works, desirous not only of perpetuating the memory of the great in- 
stitution in which they had spent their best days but of keeping up the friendships 
which they had formed during that time, decided in 1905 to form an organization 
which they termed “The Associated Veterans of the DeLamater Iron Works.” The 
appropriate insignia of the Association is a propeller wheel and the color of the sus- 
taining ribbon red, and at every meeting a souvenir bearing them is presented to the 
guests. The meetings have been held annually with a banquet in February, the anni- 
versary of Mr. DeLamater’s death, and those invited to attend it had associations 
with the works or with some of the other works intimately related to it. 

These gatherings have been large and notable. At the first dinner, which was 
held at the New York Athletic Club, Mr. Alexander Miller was elected president, Mr. 
James V. Ireland, secretary, and Mr. Walter M. Parker, who was the originator of 
the idea and has been its inspiration ever since, its treasurer. 

A magnum of champagne was purchased, and on the metal covering of its neck 
each original member scratched his name and it was arranged that this bottle 
be held in sequence annually by the president of the Association until the last origi- 
nal member alone remains, when he shall open it at the annual dinner and its contents 
shall be drunk to the memory of those who have preceded him. 

Whether the draft of its contents will hasten their departure is a question, for on 
January 9, 1912, the Equitable Building at 120 Broadway burned down and the box 
holding the bottle, which was in the custody of the then president of the Associa- 
tion and was kept in the safety vault in the basement, passed through the fire and 
was both scorched by it and afterwards frozen in the ice formed by the water from 
the fire engines. How extreme heat and extreme cold affect champagne in a closed 
bottle remains to be determined, but at all events the bottle is now an interesting 
souvenir and at every annual dinner it stands on the table before the president. In 
the course of the dinner just before the coffee comes on, the lights are lowered and 
the president asks all to rise and drink a silent toast to the memory of Mr. DeLa- 
mater and the men of the works who have joined him in the “Great Beyond” and 
then the quartette sings softly one of the hymns he loved so well and which he 
requested should be sung at his funeral, “Nearer, My God, to Thee” or “Abide 
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with Me,” and if ever man can hear the swish of angel wings or feel the presence 
of the departed he should do so during that solemn moment. 


The members of the Association are as follows :— 

Veterans——Joseph E. Aue, Leander A. Bevin, Walter E. Clarke, James Craig, 
Alexander Cruckshank, Frank Creelmann, H. E. Cornell, O. R. DeLamater, M. 
Fogarty, F. A. Halsey, Fredk. Hulberg, James V. Ireland, Daniel M. Junk, Alex. 
A. Kennedy, Arthur J. McGarvey, John A. Moran, Daniel E. Moran, Walter M. 
Parker, H. F. J. Porter, Wm. Prellwitz, T. J. Ryder, Hugo B. Roelker, R. P. C. San- 
derson, John Shields. 

Associate Veterans.—W. J. Davidson, Joseph F. Moran, Geo. J. Robinson, 
Wm. H. Todd. 

Associates.—Victor D. Bevin, Sidney Bevin, David A. Byron, B. Frank Crane, 
Lyman J. Fisher, Hobson Holliday, Geo. S. Humphrey, Chas. P. Kennedy, Andrew 
Murray, Jos. W. Richardson, Norman A. Robertson, Jos. H. Turl, Harry Wheeler, 
John O. Williams. 

In Memoriam.—cC. C. Capes, Wm. A. McNab, Alex. Miller, Wm. S. Miller, 
A. H. Raynal, Geo. H. Reynolds, W. D. Stivers, Chas. Van Wagenen. 


NotEe:—For much of the information contained in this paper I am indebted 
largely to Mr. Ogden Mills, Mr. L. A. Bevin, Mr. Geo. H. Robinson, Mr. Hugo B. 
Roelker, Mr. Thomas J. Rider, and Mr. Irving H. Reynolds, to whom I desire to ex- 
press my appreciation for the trouble to which they went to give it to me. 

For illustrations relative to this paper see Plates 1 to 11. 


DISCUSSION. 


Tue Present :—I sincerely hope nobody will call me a poet after the reading of 
that doggerel. I had forgotten all about the matter until Mr. Porter referred to it. Fortu- 
nately it is not in his paper. It is quite my custom, while something is going on at meet- 
ings, to jot down a few notes. The “Old Oaken Bucket” came into my mind on the occasion 
mentioned by Mr. Porter, and I paraphrased the lines of the well-known poem, applying 
same to the DeLamater Iron Works, without any idea that anyone would ever again hear 
of them. 

I can truly say that the DeLamater Iron Works was a great institution, and though 
I was never officially connected with it in any way (for I was connected with a much 
smaller concern, the old Fletcher-Harrison & Co. North River Iron Works), yet I can truly 
say that my association with Mr. DeLamater and Mr. Robinson, and all of the gentlemen that 
Mr. Porter has named, remains in my memory as a very pleasant one. Mr. DeLamater, 
great man that he was, was very democratic. When I was a young man, running up there 
frequently to look after work being done for my employers, he always greeted me as though 
I was really of some consequence. It was due to Mr. DeLamater that Mr. William H. 
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Webb asked me thirty or more years ago to become one of the charter members of Webb's 
Academy and Home for Shipbuilders. I have had the honor of being connected with that 
institution ever since, and I also have the great satisfaction of knowing what great good that 
institution has done for -this country in educating naval architects and marine engineers. 
So these reminiscences bring back very pleasant memories. 

Is there anyone who desires to say anything about this paper? 


REAR ADMIRAL FRANCIS T. Bow Les, Past President:—Il have always taken an interest 
in historical matters affecting the Navy and its development. I very much appreciate the 
pains and time that have been taken by Mr. Porter to set down the records of the DeLamater 
Iron Works, because I feel that the DeLamater Iron Works was the most prolific agency in 
the development of inventions and enterprises which have gone, not only to build up the 
Navy of the United States, but have, in many respects, formed the foundation on which 
the modern navies of the world have been built. 

It is possible that a careful examination of this paper may bring about some discussion 
of the facts stated, but that is inappropriate to this moment. I feel, however, Mr. President, 
that the thanks of the Society are due to Mr. Porter, and I am sure that the facts he has set 
forth will be of benefit to this Society for all time. I move a formal vote of thanks of the 
Society to Mr. Porter. 


Rear ApMIRAL WASHINGTON L. Capps, Vice-President:—I would like to associate 
- myself with Admiral Bowles in expressing the appreciation of the Society of Mr. Porter’s 
admirable presentation of the historical facts recorded in this paper. Several statements of 
fact will, undoubtedly, be news to a great many, and other statements of fact which have 
been recorded are eminently worthy of record. For instance, the fact that civilian employees 
of the DeLamater Iron Works were actually on board the Monitor on that historic occasion, 
when warship naval architecture was almost revolutionized, is something that very few people 
know. These civilian employees went into battle apparently as a part of their day’s work, and 
this notable fact has probably been forgotten by many. 

I think we are all under obligations to Mr. Porter for having gone to so much trouble 
in bringing together the facts and recording them in permanent form, and I will heartily 
second Admiral Bowles’s motion for a vote of thanks. 


The President put the motion to vote and it was duly carried. 

Tue Preswent:—Mr. Porter, will you accept the thanks of the Society? 

Mr. Porter:—I thank you. 

Ture PresipeNt:—The next paper on the program is No, 2, entitled, “Revival of 


Wooden Shipbuilding as a war Industry,” by Mr. Carlos De Zafra, M. E,, Associate 
Member. 


REVIVAL OF WOODEN SHIPBUILDING AS A WAR INDUSTRY. 


By Cartos DEZaFRA, M. E., AssocraTE. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


It is interesting to note that the supremacy of nations has been ever propor- 
tional to their command of the seas. Greek history, Egyptian history, Roman and 
Spanish history are each most exciting during their respective sea power periods. 
Little difference did it make were the propelling force man power, as exemplified in 
the 40 and 60-oared galleys of medieval days, or sail or steam as of to-day. 

It is also interesting to note that, in the text-books up to shortly before our 
Civil War, no reference to metal vessels is to be found, because, since iron will not 
float, the idea of an iron ship was preposterous. Also, its effect on the compass 
would be fatal; its corrosion in water and fouling from marine growth were argu- 
ments against the use of iron. These objections, however, were gradually over- 
come as the first argument, that of the non-floatability of iron, was found to be based 
on a fallacy. : 

Steel seems to have been introduced as a shipbuilding material about 1870, but 
there is no denying that the wooden vessel has given excellent service and, in the 
emergency in which we now find ourselves and notwithstanding the tremendous 
steel output for shipbuilding purposes, the wooden ship which gradually became ob- 
solete has again come into its own. 

The allied nations of this great war have been quick to supplement their ship- 
building programs with provision for a number of wooden ships. This has resulted 
in a revival of an old and obsolete industry to a degree, in this country, far exceed- 
ing in magnitude its most glorious days, and this in the face of a war—indeed, in 
the heat of battle as it were—for it is now that the strength of the United States 
is being felt in no uncertain degree on the battle front of Europe, and it is our hon- 
ored Secretary of the Navy who said that the measure of ships was the sole measure 
of American strength in France to-day. 

In connection with the present shipbuilding activities, there has been consider- 
able speculation as to what will be the amount of tonnage produced by the United 
States during the year 1918. A recent estimate places this amount at 4,000,000 tons 
deadweight capacity, and I have even heard 6,000,000 tons mentioned in an offhand 
way. Stupendous events and undertakings are now under way, and the expecta- 
tions of the allied governments are such as demand tremendous results from us. 

Let us retrospect a little, that we may get a better perspective of the whole 
proposition and better appreciate what we are trying to do, and are doing, to-day. 
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Going back a few years, when normal conditions prevailed, we find the follow- 
ing condition of the shipbuilding industry :-— 

Average production of shipyards, throughout the world, for 1909 was only 
1,602,057 tons. This represents low tide. In 1913 we find the high tide mark at 
3,332,882 tons. Therefore we may take, as a fair average, the five-year period 
1910-1914, inclusive, during which the average annual production was 2,740,000 tons 
gross. Of this amount :— 


Per cent Tons 

The United Kingdom launched about................ 60 1,650,000 

Gepmanyplaunchedvaboute st aemnaner ect eee 12 333,000 

United States coast and Great Lakes (rivers excluded) 9% 253,000 

LE ce WN cts tA AM RN ALP GIA ORY a OLIN cdi GAL AIRE 4% 121,000 
All other countries, including Canada and British colo- 

iat oe Re RD OR Va At COLIN ID diet 3g 14 385,000 

flo) o-\l CR I ERS MOU Nn ealeeeN te Ven os LER IT 3 a ala 2,742,000 


WORLD'S TONNAGE. 


The entire world’s merchant tonnage for the year ending June 30, 1915, 
amounted to 49,262,000 tons, owned as follows :— 


Per cent Tons 
Winuted Keine dome yale eee ne see eile clean ema 43.5 21,300,000 
United States (excluding rivers and small lakes) .... 12 5,900,000 
Germany) ye ieee Wai ces. gt el iekel aati nin ete aie eareera ae 10 5,000,000 
rances(lessvthariy))\ dir. ena ce tet keene nee 5 - 2,300,000 


Taking the greatest tonnage of merchant vessels launched by any nation in any 
one year between 1899 and 1915 inclusive, and combining these, we can arrive at a 
fair approximation of the then production capacity of the world’s shipyards. 
These figures give a total capacity of 3,685,000 tons of which— 


Per cent Tons 
The United Kingdom and colonies and Canadian Lake 
Mors) Ieee) soa wb wbeBoaadnscanccscosccboode 54 1,984,000 
United) Statesicoast and) Great akessem memes ire 14.6 540,000 
Germany. Veen tole, o a oie hao Ea RO ENE Ty a 12.4 465,000 
Ailvothenicoumtiies wiian sacl) eee eee cle eye 19 696,000 


But do not overlook this point—these latter figures are based on the maximum 
capacity for each country as developed at different periods, but not actually realized 
in any one year. 

Generally speaking, these were the conditions prior to the introduction of Ger- 
man “reckless and ruthless” submarine warfare, and the figures are reasonably ac- 
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curate and as presented before this Society by its president, Stevenson Taylor, in 
his address in 1916. 

You will notice from these figures that the estimated capacity of the world’s 
shipyards was 3,685,000 tons. We are told that the United States alone is suddenly 
expected to produce 6,000,000 tons. Germany required forty years during which 
to construct its powerful military machine. It has taken the United States one year 
to build up a shipbuilding machine that is going to whip that military machine to 
pieces. 

Do you realize, gentlemen, what this means? It means that in one year’s time 
the United States is expected to produce approximately 51% million tons more than 
its maximum capacity prior to 1915, or, in other words, 2,000,000 more tons are ex- 
pected of the United States alone than could be produced by all the shipyards of the 
world combined in 1915. 

There is under construction, at the present time, approximately a tonnage ag- 
gregating 6,700,000, of which 5,000,000 is steel and 1,700,000 is wood, this being 
exclusive of naval construction which in itself numbers approximately 794 vessels. 
Their tonnage of 420,217, however, is in terms of displacement and not of cargo ca- 
pacity as applied to merchant vessels. 

The following tabulation of the world’s wooden ships may prove of interest to 
many :— 

Wortp’s WooDEN SHIPS. 


Recorded in Lloyds—100 Tons or Over. 


Year Power No. Tons Year Power No. Tons 
1890....| Steam .... 902 360, 147 1914....) Steam.... 1, 337 408, 261 
ola Sail eevee 18, 924 6, 693, 738 Sailer 4,570 1, 575, 197 
Motals}aeccteionstelsiais 19, 826 7, 053, 885 Totals|............ 5, 915 1, 983, 458 
1910....| Steam .... 1, 407 451, 584 1915....| Steam.... 1,332 410, 013 
Saillitsee 5, 892 2, 093, 274 Sail wae 4,445 1, 510, 251 
PR otals| inp yen et scterer-el 7, 299 2, 544, 858 Totals|is. cook... 5, 777 1, 920, 264 
1912....| Steam .... 1, 435 451, 304 1916... Steam.... 1, 324 406, 241 
Sarl 5, 180 1, 819, 254 Sail eres 4, 297 1, 449, 935 
Mvotals| Pepa users 6, 615 2, 270, 558 Motals|(elereteca)e celeste 5, 621 1, 856, 176 
1913....] Steam.... 1, 378 422,175 i 
Sailer 4, 818 1, 691, 101 
Motals|s\e. cise cicts 6, 196 2,113, 276 


36 REVIVAL OF WOODEN SHIPBUILDING AS A WAR INDUSTRY. 


The following table of construction of wooden ships is of particular interest 
for comparison with the present day program :— 


Wortp’s CoNSTRUCTION’ WOODEN VESSELS. 


| | 
Year Power No. Tons } 


| Year Power No. Tons 
| 
Obease| Beet coos 60 167,974 ||  1910....| Steam... 32 7,389 | 
Sefllc socal SiH 20,201 |) Séllonc eon 64 16, 348 
ans — | == — 
Totals|.......-..5 437 188, 175 | Totals|....... ..-. 96 23, 737 
1895). |) Steam). 27 10,312 ||  1912....| Steam... 48 15, 211 
Sl scdese 120 38, 875 Belles 23. 7A 93) 264 
TREE see oeaenee 147 49,187 | Totals ee eee 12 38,475 | 
IGOOMAeNIy Steamiee 60 27, 208 TAB cao Seem) cose a 15, 106 
Sill ease. 212 102) 084 Sai 66 23°48) | 
Rats eee eee 272 129,292 | Totals Sa ee 193 "38,586 | 
108.4.) Sea coe 58 18,610 || 
Selves ace 109 | 36,022 
Warelbllocoosaso0css 167 54, 632 


There has been much speculation as to the value of wooden ships to-day—as 
to whether or not they would last, particularly because constructed of so-called 
“Green Timber.’’ Gentlemen, the Battle of Lake Erie was won with green timber and 
what mattered it afterward whether the ships kept or not? The world war to-day 
will be won with green timber; and after it is won we can replace these ships with 
steel, if need be, though it is my personal opinion that it will be many decades 
before the last of the present-day wooden ships has passed away. 

The sudden revival of wooden shipbuilding as a war industry has necessitated 
a revival of old shipyards, their enlargement and modernization. It has meant the 
return to shipbuilding of many who, through its decadence as an industry, had 
sought a livelihood in other directions. It has caused the construction of new ship- 
yards from new materials and under the guidance of new minds, and, strange as it 
may seem at first, some of the most successful of the new enterprises have been 
under the jurisdiction of the “landlubber,” the construction and the civil engineer. 

I want to call your attention particularly to two west coast yards, conceded to 
be the finest yards in the world for the construction of wooden ships. One is at 
Tacoma and the other at Portland, each constructed to handle one-half of a con- 
tract of 40 steam auxiliary wooden schooners of 3,000 tons deadweight each, for 
the French merchant marine, and awarded to The Foundation Company. 

Plate 12 shows the yard site of the Tacoma plant as it appeared in the early 
part of August, 1917, a 46-acre mud shoal lying from 7 to 12 feet under water 
between two bulkheads. At low tide the mud flats were clearly seen outside the 
bulkheads. In order to provide a launching basin and a fitting-out basin, it was 
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necessary hydraulically to dredge these flats, pumping the “‘fill” into the area be- 
tween the bulkheads, with the result shown in Plate 13, which is that of the com- 
pleted yard, while Plate 14 shows a close view of the grading and keel blocks ready 
for service only seven weeks after dredging began. 

New conditions in industry create new machinery with which to meet those con- 
ditions. Shipbuilding is no exception. There are many new developments in wood- 
working machinery to-day brought about by the call for “Ships, Ships, and Still 
More Ships,” principal among them the new types of bevel band saw, and that very 
ingenious machine, the bevelling machine, wherewith frames can be shaped with their 
varying bevels so closely as to require almost no dubbing. The illustrations show 
some work characteristic of this machine, and among them you will note a set of 
ships’ knees, Plate 15, more perfectly faced on both sides in fifteen minutes than 
could be done in the old days by one man and an adz in as many hours. These eleven 
knees were loaded on the carriage, surfaced on one side, turned over, and surfaced 
on the other side, the complete operation requiring only the time specified—15 
minutes. 

Plate 16 illustrates a vessel on which, I am advised, hand tools were not used in 
bevelling the ceiling. Every piece was accurately bevelled on the bevelling machine. 
Even the back of the ceiling at the turn of the bilge was bevelled by machine. 

Plate 17 illustrates the combined bevelling, reverse bevelling, and curving pos- 
sibilities of this machine. Before photographing this timber a cut was made for a 
few feet, the bevel starting at 11 degrees to the left, the angle continually changing 
until finishing at 11 degrees to the right. 

The framing having once been cut, the present-day wooden shipyard constructs 
a temporary “framing platform’ at the head of each ways, upon which the frame 
segments are assembled and fastened. The frame sections, complete from gunwhale 
to gunwhale, are then slid down the keel and guiding bilge track to their final po- 
sition. 

In this connection your attention is called to the rapid work which was per- 
formed in the new Portland, Oregon, yard previously referred to. The accompany- 
ing illustrations show the erection of ships’ frames for a twelve-day period, Fig. 
1, Plate 18, being taken November 2, 1917, and Fig. 2, Plate 18, on Novem- 
ber 14, 1917. In the first the framing had only just begun on two ships, and at the 
end of the twelfth day the entire square framing of five vessels had been completed. 
During the following twelve days five other vessels had been also square framed on 
the keels between the vessels shown in the November 14th photograph. A gang on 
12-inch ceiling has been handling the job at the rate of 24,000 feet a day. 

Some modifications in structure have been brought about under the pressure of 
necessity. When power was introduced in the first wooden vessels little change in 
design from the then prevailing sailing vessel was made. To quote Campbell Holmes’ 
“Practical Shipbuilding” :— 


“They had a flush upper deck, and, in the absence of a second deck, a tier of 
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hold beams. At the bow they had an anchor deck, or low ‘monkey forecastle,’ and 
aft there might be a raised quarter-deck. 

“Subsequently it was found necessary to place the machinery openings at a 
higher level than the upper deck, and so, for this purpose, casings were built, and, to 
protect these, a bridge deck, enclosed at the ship’s side but usually open at the ends. 
Then, to increase the carrying capacity and improve the vessel’s weatherly qualities, 
the quarter-deck and forecastle were increased in height to form the poop and top- 
gallant forecastle. The largest vessels of that period were about 250 feet by 33 feet 
by 171% feet, but later, when greater carrying capacity was desired, they were in- 
creased in size by simply adding 7 feet to their height, so as to give an additional 
deck. To increase the depth only was thought to be advantageous, for at that time 
the idea prevailed that the dimension of breadth was the one most particularly gov- 
erning the vessel’s resistance, and that to increase it would entail great loss of speed.” 


To-day’s problems have introduced some new details of construction. On the 
Pacific coast long timber is available, keel sticks being from 80 to 100 feet and in 
a few instances, I am told, as long as 150 feet between scarphs, while on the Atlantic 
coast a 50-foot length would be considered a good specimen. On both coasts, how- 
ever, steel has been introduced for keelsons and for brackets or braces to supplant 
the ever-decreasing supply of ships’ knees. 

Plate 19 shows a view in a 250-foot 2,500-ton wooden steamer wherein the 
steel keelson is being assembled in place. 

The use of iron strapping on wooden vessels necessitates rabbeting the frames 
so that the frame and strapping surfaces will present a smooth face on which to lay 
the planking. To expedite this work, a portable pneumatic rabbeting tool has re- 
cently been developed and used with excellent results. 

Painting by the old hand and brush method was laborious, time-consuming 
and ever wasteful. The use of compressed air has solved these difficulties to a great 
degree. 

In the launching of vessels there is always the usual interest of watching a large 
mass slide gracefully down the ways to repose in its element. To-day, however, the 
interest is held in another direction coincident with the launching, namely, the keel 
laying of the next ship to be built on the same ways. On the west coast we prided 
ourselves when a new keel was laid in 20 minutes after the launching. Later we beat 
it at 16 minutes, later at 11 minutes, and finally got it down to one minute, a world’s 
record. In the old days many weeks would elapse before a new set of keel blocks was 
ready and the new sticks were scarphed and ready for assembling and fastening. 
Now, thanks to the introduction of quantity production and fabrication methods to 
wooden ship production, we can use the same keel blocks without disturbing them 
at launching and, by having the new keel all in readiness under the bilges, it can be 
hauled to place on the vacated keel blocks as rapidly as the sister ship glides to her 
maiden plunge. This is shown in Plate 20. 

In the matter of fitting out vessels, records have been made. The vessels which 
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I have referred to principally—the 3,000 ton auxiliary schooners—are of the five- 
masted bald-headed type designed by Messrs. Cox & Stevens of New York. They 
are fitted with two triple-expansion steam engines and two water tube boilers, and 
have given an average of about 10.5 knots on trials. There has been developed a 
gang of nine riggers at one of these yards, which is turning out “one complete equip- 
ment of standing rigging in about five days” and they challenge all comers to equal 
or better their record. Plate 21 gives an idea of what this means. 

The work above mentioned is that of a new enterprise manned by men new in 
the business, though under the leadership of some of the most capable and experi- 
enced shipbuilders to guide them, and therefore deserving of every credit for turn- 
ing out forty ships of the 3,000-ton class—a total of 120,000 tons deadweight—within 
fourteen months from the laying of the first keel, as per present indications, an 
average of “one every seven days.” Details of these vessels, which would be of much 
interest to the members, must of necessity be omitted for the present, as the con- 
tract under which they are being built has not as yet been completed. Plate 22 
shows the general appearance of the completed vessel. 


DISCUSSION. 


THE PRESIDENT :—We will now proceed to paper No. 3, entitled “Application of Buoy- 
ancy Boxes to the S. S. Lucia for the United States Shipping Board,” by Mr. W. T. Don- 
nelly, Member. The copies of paper No. 3 have not arrived in sufficient number to be 
distributed to the members, but Mr. Donnelly has several copies, and he will be glad to 
furnish any one with a copy who desires it. 

Mr. Donnelly read the paper in abstract, and, in connection therewith, he said :— 

“With regard to the application of these buoyancy boxes, if a ship is loaded with a cargo 
of coal, almost a third of the space available in the hold will be found left above the coal. 
This does not help to carry the coal, and if you put more coal in you will sink the ship. The 
space above the coal does allow the water to come in if the ship is punctured and the ship 
goes to the bottom. If the space is filled with dependable buoyancy boxes, the ship will not 
go to the bottom. If the cargo is one of ore, iron or copper ore, it would perhaps not take 
up more than a third of the space, and the rest of the space would be available for means 
for preventing the ship from sinking. I will leave the mathematical statement, as the read- 
ing of that would be rather dreary and apt to be burdensome.” 
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mee LICATION OF BUOYANCY BOXES TO THE STEAMSHIP LUCIA 
FOR THE UNITED STATES SHIPPING BOARD. 


By W. T. Donnetty, Esg., MEMBER. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


The unprecedented sinking of vessels by submarines in the early part of 1917 
directed universal attention to the possibility of protecting ships against the attacks 
of the submarine. 

The result was a tremendous influx of ideas, scientific, practical and imprac- 
tical, to all the departments in Washington. 

It soon became apparent that some organization must be gotten together to 
handle this mass of material and meet by counter endeavor, if possible, the menace of 
the submarine. 

This resulted in the creation jointly, by the Naval Advisory Board and the 
United States Shipping Board, of the Ship Protection Committee. 

The original members of this committee were Admiral H. H. Rousseau, 
chairman, appointed by General Goethals as general manager of the Emergency 
Fleet Corporation; A. M. Hunt, a member of the Naval Advisory Board to repre- 
sent that board on the committee; and the writer, who was recommended by the 
chairman of the Naval Advisory Board, W. L. Saunders. 

The preliminary work of the committee consisted of classifying and considering 
several thousand suggestions dealing with many real, and more imaginary, methods 
of overcoming the submarine. 

The method of rendering a ship safe against sinking by internal buoyancy boxes 
was the outcome of the writer’s experience in the construction of floating dry docks, 
and this experience has been embodied in United States Patent, dated April 17, 1917. 

The idea first took shape before the committee in a copy of this patent sub- 
mitted from the Patent Office by a clerk of that department. 

Fundamentally there is nothing at all new in providing internal buoyancy for 
ships or boats. On reference to the “General Rules and Regulations Prescribed by 
the Board of Supervising Inspectors” of the Department of Commerce, United 
States Government, there will be seen, referring to lifeboats, on page 78, paragraph 
17:— 

“The internal buoyancy of a wooden boat of this type shall be provided by 
watertight air cases, the total volume of which is at least equal to 7/2 per cent of the 
cubic capacity of the boat.” 


A further paragraph reads as follows :— 
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“The buoyancy of a metal boat shall be not less than that required above for a 
wooden boat of the same cubic capacity, the volume of the air cases and external 
buoyancy being increased accordingly.” 


The discussion of the application of internal buoyancy boxes before the com- 
mittee and Naval Advisory Board found a unanimous opinion that something along 
these lines should be undertaken immediately. 

The writer, on behalf of the committee, prepared preliminary plans and calcu- 
lations and investigated the vessels available. This resulted in the selection of the 
former Austrian steamship Lucia of the following general dimensions and ton- 
nage :—Length, 418 feet; beam, 54 feet; depth, 37 feet; gross register, 6,744 tons; 
net register, 4,386 tons; coal bunker capacity, 620 tons; water ballast, 1,583 tons; 
dead weight capacity all told, 9,600 tons; summer draught, 28 feet 114% inches. 

The Lucia was a modern steel freighter, built in Trieste, Austria, in 1912 and 
equipped with English machinery. 

At about the time referred to, the early part of 1917, the shortage of coal in the 
Mediterranean had reached such a degree that $100.00 a ton freight was being 
offered, without avail, for ships to carry coal to Italy. In view of this, it was decided 
to fit out the Lucia so that she could carry coal when water-logged. 

A simple statement of this problem is as follows :— 


Weights to be Supported. 


é Tons. 

Wreetehit vot’ coal 2c sis sie a liiey casi niasertees, uations) stella thio Rep emce nee Reto tears aE 8,200 
Coal’ consumed) . uur aye ens Bees eeu EM etatadis ea eee ara ces ua WTO RSS 600 
Net; weight of coal ho tii. 8 sae Mein ee oes ech ene terete ee I Mc tet ca ee 7,000 
Nii(Cested ch sete y igks) shh Dyaterecam Aarts erty ial Geen ea A aRIeStA GC arG.9 dich. 3 bined mins ola So 4,100 
Weichtiof bOXING S22 hehe cos estate eh alee Oe CRRA eR ek iors cc sire Sheena 1,000 
\Wieichton frame filling yen oer iron ee tinier rere 250 
Weishtiot dunnage foricargoyboxin geen ee eer etree ae 90 

13,040 

Displacements or Buoyancy. 
Tons. 

@oalidisplacementa(Gpecitic ora vibyeies)) ene eee eee 5,030 
IDrigyollevesaasane One inimahevecy Oye lot, oo wooo ap back so ooo eno beso coc oCass0S 400 
Stecliandsmachine displacements ae ener erie ee 520 
Doublesbottom and peaks) 2.15.4; ceee ee oie ee ean en eee rice 1,600 
Propeller puntiel ie. she aun 3.00.) Nas eatin scsi RNR Loe ee) ay ee era 300 
Sideliboxine a So) lbsa per FOO tGtnh ee lar ry enti eter 7,860 x 150 lbs. 
Bilseihoxines 200 lbsuper LOO RUN yee yer erence let: 808 x 200 lbs. 
Deckiboxinea an SOMlbse pel too: Gunk seen crn. Same cies 4,000 x 150 lbs. 
Dee Inorcins, LEO lllos, WEP ROO BN. Ske osc onsoa0cuos 4,060 x 150 lbs. 
Deck boxines ZOOM bSupeh moor Gun sree eer ie 4,060 x 200 Ibs. 
Bulkhead boxing: 200) bstiper tootnunastnat a err einer 5,270 x 200 Ibs. 


1,970 
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{2 (NE TTI NNER ae Ra Se es Ud AR mR 450 
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14,180 
LAER ETAVIS DYE HTC CRUG Ee ep LEN 2at oie LeU ea RT a 1,140 
Bone ChEESC Ve) RCEDOALC: Ge Mae eM EPR An ole lta slat el Aloeatale) atic 4 ol tee Bau 


From the foregoing it is apparent that a liberal margin of reserve buoyancy 
can be obtained, at the same time retaining 86 per cent of the ship’s former cargo- 
carrying capacity. 

DESCRIPTION OF DRAWINGS. 


Plate 23 gives a typical cross-section of the ship and the general arrangement 
of the boxing located along the sides under the three decks, and on both sides of the 
transverse bulkheads. This drawing also shows the draught lines under various con- 
ditions of loadings. 

Plate 24 gives details of the various framing construction and fittings necessary 
to secure the boxes in place. As far as possible a standard size of lumber has been 
used throughout the ship for this work. 

Plates 25 and 26 give details of the three types of boxes found necessary. The 
boxes have been so standardized that a uniform size of lumber can be used for all 
types. 

Plate 27 gives a general layout of the ship, showing space occupied by the box- 
ing and space available for coal cargo. This drawing also shows a longitudinal sec- 
tion of the ship, giving the various transverse bulkheads and decks. 

From the plan as outlined by the figures and drawings above referred to, it will 
be perfectly plain to engineers, but the carrying of it out for the first time under war 
conditions was found to be anything but a simple matter. The only material avail- 
able immediately for creating the buoyancy boxes was ordinary lumber and galvan- 
ized iron, and the quantity of sheet metal required was rather a surprise to local 
markets. 

It was soon found that ordinary methods of construction would not do, and care- 
ful experiments were necessary to develop the details of construction for the boxes 
as set forward in the plan. 

A testing plant capable of testing the different sizes and types of boxes to de- 
struction by outside water pressure was created and, as might be expected, had to be 
completely rebuilt before satisfactory results could be obtained. 

After the type of box and entire construction for withstanding pressure had 
been developed, many difficulties were met with before absolutely watertight results 
could be obtained, and these results were finally maintained only by testing every box 
by air pressure and floated in a tank before placing it in the vessel. 
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Approximately 12,000 boxes divided about equally between buoyancy boxes for 
ship, or cargo where required. 

During the construction of the work, considerable discussion arose as to the 
possible effect upon the stability of the ship when flooded in different compart- 
ments, and the first intention of the committee was to flood the Lucia in dry dock 
and determine her stability under all conditions of flooding, but, very much to the 
regret of the author, these tests were not carried out, and the Lucia was loaded and 
sent to sea without any definite knowledge as to her stability or buoyancy in case of 
total flooding. 

There was also much discussion pro and con as to the sacrifice of cargo space, 
the claim being advanced that all the room occupied by the buoyancy boxes, both 
for ship and cargo, was detracting from cargo space. In these discussions no con- 
sideration was given to the fact that the Lucia had been fitted out to carry a cargo of 
coal, and that ample space was left to load the Lucia down to her allowable load 
line with this cargo, as not until the Lucia was ready to sail was it discovered that 
no coal was available as a cargo. 

A careful analysis of the principles involved will show that the necessary reduc- 
tion in cargo corresponds to the weight of the buoyancy boxes and has no neces- 
sary bearing upon the room they occupy. 

In making this statement I am very well aware of the contention that ship- 
owners will make of the persistent demand for more cargo space, but this demand 
means nothing when applied to a single vessel. If this device were to be applied 
generally, ships would simply be designed with sufficient interior space to allow for 
the room occupied by the buoyancy boxes, and this would mean very little, if any, 
hardship upon the designer, and any reasonable analysis of the economic problem in- 
volved in the reduction of the risk will show undoubted advantages. 

On her first voyage to France the Lucia was hastily and very improperly loaded, 
resulting in a comparatively light cargo and much more freeboard than was allow- 
able. On at least two subsequent voyages, when loaded under the direction of the 
writer, the Lucia went to sea loaded to her Plimsoll line, or greatest allowable 
draught. 

Before the sailing of the Lucia on her first voyage, a Naval Advisory Board 
was appointed, with Admiral A. G. Winterhalter as chairman, to report on the pro- 
tection of the Lucia by buoyancy boxes. The report is too lengthy to review in this 
paper, but can be found, by those interested, in the records of the Ship Protection 
Committee. 

The question of stability was again gone into to some extent, and the opinion 
expressed that the writer’s method of calculating stability was at fault, the statement 
of the report being as follows :— 


“The discrepancy is due chiefly to errors which Mr. Donnelly made in the calcu- 
lation of the moment of inertia of the damaged water line, and in assuming that the 
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ship would incline longitudinally about an axis through the midship section instead 
of about an axis through the center of gravity of the damaged water line.” 


To meet this contention there is appended to this paper a complete mathemat- 
ical review by my assistant, Mr. G. C. Engstrand, dealing with the stability calcu- 
lations involved, with the full conviction that they will meet the critical review of 
anyone interested. 

Paragraph 16 of the Winterhalter report is quoted as follows :— 


“The board is of the opinion that a vessel left in a condition such as that result- 
ing from the assumptions made in paragraphs 14 and 15 would be a most critical 
condition and would, sooner or later, sink. However, assuming that there remains 
a sufficient number of buoyancy boxes undamaged, as a result of the explosion, to 
keep the vessel afloat, she would be little better than a water-logged derelict and 
would constitute a menace to other vessels. Even should she be taken in tow and 
finally brought to port, she would, by reason of her extreme draught, 41 feet for- 
ward, be able to enter comparatively few European or other ports, and her salvage 
within any reasonable time would be difficult.” 

This at least would seem to show a very reasonable probability that the Lucia 
would remain afloat, and it would seem too bad that no consideration whatever was 
given to the salvage of hull and to cargo under such conditions, it being pointed out 
that a cargo of coal would not be at all damaged. The final conclusion of the board 
is as follows :— 


“The board is of the opinion that the Lucia installation is not practicable for 
general adoption under existing conditions by reason of :—(1) The questionable effi- 
ciency as a preventive against sinking; (2) the reduction in cargo-carrying capacity, 
both dead-weight and cubic contents; (3) the length of time required.” 


From a strictly engineering point of view, to question the possibility of render- 
ing a vessel unsinkable under ordinary conditions by such a method is beyond dis- 
pute. It is simply a question of the quantity and strength of the buoyancy boxes 
used. To question the carrying capacity of the ship when so fitted is to question the 
simplest form of mathematical statement which can be made. 

Finally, in the general question of whether ships shall be made unsinkable at 
sea or not, the time required to so construct a ship will have no bearing whatever 
upon the problem. The writer is free to admit that military reasons may properly 
control any action, commercial or otherwise, during a time of war, but at the same 
time begs to state that only engineering and economic reasons will finally control the 
question of rendering ships and cargoes safe against loss at sea. 
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BUOYANCY AND STABILITY CALCULATIONS FoR S. S. Lucta. 
BUOYANCY CALCULATIONS. 
Estimate of Weights and Displacements. 
Weight of Coal ont boaec ar aee een). ior/.i.1 Met NADL ROM Rn Vea Rr 


Ballastiwateriomibo ancl sia see ewe els (1 o cirer NS em he ira Ann eA re BI a nc dt 
IWieishit oh Ships): ey: gs meee mea ga scien a sol-e alte contest oe Bean neem yn Rn es 


Draught of ship, 12’ 0”. 
Displacement with assumed block coefficient of 0.65:— 
10 X 0.65 x 54 x 400 
35 
Weights. 


= 4,813 tons. 


NVKeTentroecOalll eee 0 ce so ce) 3 odes br attetan phe ake saree Pea eae eg eed ree Ue 
Goalticonmstraie die) hee a) Ws es be Re ee Ont In CUO NL na rE 


AAV Cia niin ac) ot) a ayaa OI MeL Aun GS practy bib, o'o.h't.ow a somo oe b 
NVietetitiot DOXIIS’ £2 Ac. a lbtne ale elation clot ones icita aoe ener Reo enone ese terete Een ea 
Wicielate Ont sigayanre MINN oes es oon douasadoaccoceasoabocaousaccoRsanes 
Weichtion dunnage ton caree)bOxin Ona sr tr lee tere er ener 


Displacements. 


Goalidisplacements (specie oraviby 1635) eee eee ciee ree 
Displacententrotenetine sony lille e emia xen ear isene cate tetera ence aor 
Steclsandmmachinerdisplacement ei.-.4 yee eee ieee elec otter ene ees 
Doublesbottompand peaks’)... 2564 ean aA ee eee eerie si ier eine aia 
Propellerstunmelpen ss chs. cis elo tenercnsnie erat eee eters ieee ene 


Sides boxineasnsomlbssiper Oot Gills warbler rel 7,860 x 150 lbs. 
BIS [ORNS AGO hos, Wee WOE WEIN saeco coca ocodedad 808 x 200 Ibs. 
Deck boxes 5 Onl Ds pet enOOt) tittle cee et ele 4,060 x 150 lbs. 
IDG Iomanars, EO MDG, SP WOE TBS obo pee ose asco vcede 4,060 x 150 lbs. 
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Bulkhead boxine, 200llbs» per footnine eee ear 5,270 x 200 lbs. 
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Tons. 
310 
400 

4,100 


4,810 


1,970 
150 
3,000 
450 
160 


14,180 
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Stability calculations (Plate 27). 


Transverse Stability. 


In the following calculations the section modulus of the water plane is taken as 
0.7 of the section modulus of the circumscribing rectangle. 

It is to be noted that these calculations are approximate, and that their only ob- 
ject is to show that the ship is more stable when bilged than under ordinary condi- 
tions. All moments are figured for a heel of 1 foot in 100 feet. 


Ship Torpedoed Light. All Compartments Flooded. 
Water Plane Moment :— 


2 
Gp ee AA 


x = x 0.265 = +970 foot-tons. 


Free Ballast Water Moment :— 


2 
ee eae x = X 0.15 = — 255 foot-tons. 


Weight Moment :— 
— 6,000 X 0.055 == — 330 toot-tons. 
Stability Moment = +385 foot-tons. 
Metacentric Height = + 6.4 feet. 
Ship Torpedoed Loaded. All Compartments Flooded. 
Water Plane Moment :— 


BSS MO) 


+0.7 X xX — X 0.255 = + 884 foot-tons. 
7 6 35 55 4 


’ Free Ballast Water Moment 9— 


20/400) 


—0.4 X x = X 0.15 = —102 foot-tons. 
6 35 


Weight Moment :— 
— 15,000 X 0.01 = — 150 foot-tons. 


Stability Moment = + 632 foot-tons. 
Metacentric Height = + 4.2 feet. 
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Longitudinal Stability. 


Consider the forward compartments opened by the torpedo explosion. Water 
will flow into the compartments until the inner and outer water lines coincide. The 
water in these compartments increases the draught of the ship and also gives it a 
considerable list. 

At Equilibrium.—The average height of water in the forward compartments 
of the ship in ballast is X feet above the double bottom. 

If this amount had been applied at the center of the ship, the draught of the ship 
would have been :— 

OMS EIS 9 nag Nee, OE 
50 X 400 
170 


37 x ——_“—— x +9.25 feet above the double bottom. 
50 x 400 . 


If the water load is shifted 108 feet forward, a moment will arise, viz. :— 
X X 37 + 170 

35 

This moment is anti clock-wise. 
This moment is counteracted by the water plane moment of the ship. The water 
plane approximates a rectangle 50 feet 400 feet, hence one foot submergence at 
one end creates a moment— 


x 108 foot-tons. 


2 
400 = SON 


Section Modulus ee in tons of 
of plane around one cubic foot of water 


+ foot-tons. 
3 


The forward end is submerged a distance— 


200 
= =— feet. 
(26S /D))) Se =aa 1S 


Hence the created moment is:— 


94 
400 Es 5O 1 (X-D) = foot-tons. 


This moment is clock-wise. 
An anti clock-wise moment of 
2 
BESTE EE (OG ID), 52 85. foot-tons 
6 35 108 
is created by the free water surface inside the ship. 
The sum of these three moments will equal zero at equilibrium. 
The torpedoing of the boiler and engine-room place will only effect an increased 
draught as the center line of these compartments coincides with the center line of 
the ship. 
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The torpedoing of the aft compartments will only reverse the list as the com- 
partments are of equal size and at equal distances from the center line of the ship, as 
are the forward compartments. 


i 400° ——> 


BLCEQ WL, 


37 AVERAGE WioTH Of Cakbo SORCE. \DIRAFT BEFORE JORPEDOEING LESS Bs, 
oR 9.23 WHEN LyeHrTb 2S WHEN LOADED 


Ship in Ballast :— 
9.25 + 32% 17° x = D = Draught above double bottom. 


50 x 400 
Moments :-— 
BeGia7 TOS 170 foot-tons. 
35 
2 
a AOE x (OGD) = foot-tons. ' > Mom. =o 
x 


~ EXIT (OD) x 25, foot-tons. 


Ga teek: 1D) —storsneers 
Maximum bending moment equals— 


X x 37 aan x 108 | : = 220,000 foot-tons. 
3 


Ship Loaded :— 
0.35 = permeability coefficient. 


SO) = 
25+ eowea x0.35X =D 


Moments :— 


PAO 37 Xr 7O Xi 108 
35 


2 
Be AON SOT, GX 2D) x 20° foot-tons. > Mom. =o 
6 x 35 108 


x 0.35 foot-tons. 


2 ES ear eee D) x = 25 foot-tons. 
6 x 35 


X = 31 feet. 1D) == 2S NESE. 
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STABILITY CONDITIONS OF S. S. LUCIA AFTER TORPEDOING. 


Transverse Stability. 
Before attack— 


ORIGINAL WL. 


After attack— 


BU6EO WL. 


Shaded areas indicate displacement. 

We see that the center of buoyancy moves up while the center of gravity remains 
stationary. Stability will of course increase accordingly. 

The hasty calculation of the conditions of the Lucia will show that the upset- 
ting moment is reduced approximately 50 per cent while the righting water-plane 
moment is only reduced approximately 30 per cent. 

The ship in bilged condition is therefore much more stable than before. 


Longitudinal Stability. 


Professor Hovgaard, whose method is used by navy circles, employs the meta- 
centric height method, while in these calculations the section modulus method is 
used. In other words, the problem is here solved just as we are used to solve the 
problem of the bending of a beam. 

S X f = M is the well-known bending formula. 

When used in stability problems, S denotes the section modulus of the water 
plane, f denotes the weight of a column of water of unit section and with a height 
equal to maximum immersion, M denotes the stability moment. 

The metacentric method is really the sequel of the section modulus method and 
each is readily transferred into the other. 

In drydock work and also in ship work where static problems are considered, 
the mathematical expressions will be vastly simplified by the use of the section 
modulus method. 


Th f Hovgaard’s method of 
figuring th a the th ad mployed here. 
In a which will exist sae ither entir rwa 
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of the fa ed wa a 


A = mga || 
| | a fem 


HA 


IM 
iP 
AXIS OF FEDUCED WA TER FLANE DAIIAGED FART OF WATER PLANE 
To balan eee ae ihe up to the original water lin 
the gravity axis of the 


original water plan 


Ais OF ORIGINEL WATE. ay 
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It is a very simple matter to prove that both methods are identical. 
Trim.—Professor Hovgaard’s formula in figuring the trim is:— 


Length of ship x weight of water up to original 
W.L. x permeability % x lever around ¥ axis 
G, M, x displacement in tons 


Trim = 


or 


Displacements in tons x G, J4 x trim 
Length of ship 


= Weight moment. 


G, M, = B, M, when considering longitudinal stability. 


TN Se LG 
B, Mao =7 
1 4741 V V 


For denotations see following figure :— 


Axis oF KEDUCED FLAME 


Brt6ep WoL. WA 
Hence :— 
Va SG rien 


35 V _ i xe 
L 35 


= Weight moment, 


which is the section modulus formulae. 
In order to illustrate how the two methods compare we will finally consider 
that the water plane of the ship is rectangular and has been reduced to half the orig- 
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Professor Hovgaard’s method gives us:— 
Section modulus of reduced water plane equals (1) or 


L\3 
Bx (2) 
i 2 Ny, I M 


x or —> = 


6 4 96 BLt 


Method employed by me in this paper gives us:— 
Section modulus of original water plane equals @ + © + © or 


2 
ey Ey ae IL, t 


12 Bly ieeon | 66 | BEZt 

Hence same results are arrived at by the two methods. 

(1) denotes moment of water to original water line. 

@+@+® denotes moment of water to bilged water line. 

Draught.—The increase of mean draught is also arrived at in slightly different 
manner. 

Professor Hovgaard figures first out to what extent the reduced water plane 
would be immersed by the water up to the original water line. To this he adds the 
change of trim taken at the g axis. The sum is the increase in mean draught. 

In our method we figure out to what extent the original water plane would be: 
immersed by the total water inside the ship. This amount is the increase in mean 
draught. 

Naturally both answers are the same as the change of trim at the ® axis is 
just the amount the original water plane would be sunk by the water denoted as @ 
and @ as shown above. 


DISCUSSION. 


THE PRESIDENT :—This paper No. 3, entitled, “Application of Buoyancy Boxes to the 
S. S. Lucia for the United States Shipping Board,” is open for discussion. 


Mr. DonNnELLY:—Now, it happens, you may think quite oddly or coincidentally, 
but still as a matter of war, that since the writing of this paper the Lucia has been tor- 
pedoed at sea, and because of that fact I desire to add in the discussion just a brief state- 
ment of these results. As is usual in human affairs, they are predicted on a theory, and 
therefore the results are not altogether conclusive one way or the other. They have been 
obtained from such sources as are available, and we will record them and leave them for 
the study and review of individuals, and, we hope, of modification if necessary, and the ad- 


vance of our ideas. 
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The Lucia was torpedoed about 5 p.m. October 17th, about 1,250 miles off the Atlantic 
Coast on her way to the Mediterranean. 

At the time of the attack the Lucia was in company with four or five other Neseete but 
the fleet was not convoyed. 

According to the evidence of the captain and other officers, the ship was struck in the 
engine-room compartment just forward of the after engine-room bulkhead on the port side, 
so low down that the double bottom was undoubtedly destroyed, also the drainage connec- 
tions for double bottom and other watertight compartments. 

The explosion was so low that no damage appeared to the plating on the outside of 
the hull, even when the ship rolled. 

At the time of the attack the Lucia was drawing 27 feet 6 inches forward and 28 feet 
6 inches aft, so it will be seen that the torpedo, instead of striking as is usual not more than 
10 feet below the water line, actually struck more than 20 feet. The engine-room and hold 
No. 5, the next compartment aft, flooded immediately, and soundings showed water entering 
holds Nos. 5 and 6. 

The ship floated with a slight list to port during the night of the 17th, and the next 
day until 3.20 in the afternoon, or for something more than twenty-two hours, 

The captain and gun-crew stood aboard until shortly before the sinking and stated that 
they were ready to fire the gun and resist submarine attack on the surface until that time. 
Nothing, however, was seen of the submarine before or after firing the torpedo. 

About noon on the 18th the sea commenced to rise, and the wash of the sea dislodged 
and loosened the deck cargo of motor trucks. The drive of these trucks finally struck the 
hatch aft hold No. 6, which finally filled from the deck. The ship then settled aft, stand- 
ing almost vertical, before she finally went down. 

While the writer has received a copy of the manifest showing the loading, sufficient 
time has not intervened to allow a careful study of the distribution and weights of the cargo 
which consisted of :—Steel billets, 1,500 tons; copper, 1,060 tons; shrapnel, 1,220 tons; sub- 
sistence, 2,200 tons; hay, 1,200 tons; fresh water, 890 tons; coal, 1,088 tons; making a total 
of 9,158 tons. 

It will be understood, as set forth in the paper, that the displacement of the double bot- 
tom had been depended upon for reserve buoyancy. This was partially eliminated by the 
unusual amount of fresh water carried, and the remainder by the destruction of the pump 
connections to the double bottom. The destruction of these connections also admitted water 
to all other compartments aft through the drainage connections, thus eliminating any buoy- 
ancy ordinarily maintained by watertight compartments. 

Altogether it is to be noted that the torpedo in this instance made a perfect hit. It is 
hardly conceivable that it could be so precisely located by the hand of chance or coincidence. 

At the time of the fitting out of the Lucia, ships were being torpedoed at only a mod- 
erate distance from the coast, and mainly in the English Channel and approaches thereto. 
Had the Lucia been torpedoed anywhere within 100 miles of the coast she would in all 
probability have been safe. Attention should also be called to the fact that other vessels 
torpedoed in the engine-room, destroying their bulkheads, have gone down in from eight 
to ten minutes. 

It is to be regretted that four men were killed by the explosion, otherwise the crew 
escaped without injury. 

While the result of this practical test of the Lucia is not all that was hoped for, it is, 
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I believe, when carefully considered in all its bearings, a very considerable contribution to 
the possibility of rendering ships, with the lives of their crew and their cargoes, more safe 
at sea. 


Mr. Georce A. Orrox, Member (Communicated) :—With regard to the paper on the 
Lucia and the various appendices, I have been through Engstrom’s mathematical review and 
agree with him in his conclusions, both as to the result and the time saved by the method. 
The metacentric height method is an heirloom of the days of ships without the regularity of 
form which characterizes modern freighters, but I see no reason why, with the same. as- 
sumptions for a starting point, there should be any divergence in the results. 

It would appear that the adoption of the non-sinkable construction for ships has at 
least as much to recommend it as the construction of fireproof buildings, which has become 
quite general in the last half century. 


Tue PRESIDENT :—This paper is now before you for discussion. We will be very glad 
to hear from any gentleman in the room, a member or not. Is there any question you would 
like to ask of Mr. Donnelly? 


CoNSTRUCTOR-COMMANDER S. V. GoopALL, Royal Navy, Member :—I would like to say that 
in the early days of the war the British Admiralty, in considering the transportation of troops 
to France, received many proposals for making ships unsinkable, or, at any rate, difficult 
to sink. One of the proposals adopted was this method of filling the hold with watertight 
boxes. 

At that time, of course, there was no experience available to indicate what success the 
submarine would achieve in attack upon merchant ships and transports, but it was quickly dis- 
covered that the best method of dealing with this menace was not to protect the ships in this 
way, but to provide efficient convoys. The lesson to be committed to memory is that the best 
method of dealing with the submarine menace is to concentrate attention upon the provision 
of the most efficient means of attack rather than to accept the enemy’s attack and merely 
aim at making the ships unsinkable. Of course, if it were possible without grave attendant 
disadvantages to provide some effective means of rendering a ship more difficult to sink, it 
would be unwise not to do so. I use the term “difficult to sink,’’ because the term ‘“‘unsink- 
able” is misleading. Any ship can be sunk provided it is struck with a sufficiently large num- 
ber of torpedoes. 

If it be desirable to provide some means of rendering a ship difficult to sink—and that 
is entirely a question of policy to be decided by the naval authorities—the following are the 
lessons which I would draw from our experience during the war. 

In the first place, we must never forget that the submarine has proved to be a very 
effective weapon in attacking merchant ships, and during the years of peace to which we 
may look forward, our efforts should be directed towards the creation and perfection of 
- weapons that will insure that in any future war the submarine shall not be a weapon as 
difficult to cope with as it has been during this war. 

Secondly, cargo ships should be larger, and therefore more difficult to sink by one 
torpedo. 

Finally, and above all, stands the great lesson recorded by the committee appointed 
in Great Britain to consider the subject of protection against submarine attack, viz., that 
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all decks and bulkheads which are nominally watertight should be really and in fact water- 
tight. 

If it be desired to adopt some method such as that proposed in this paper for render- 
ing ships more difficult to sink, I personally am of the opinion that there are far more effec- 
tive methods than that advocated by Mr. Donnelly. I say this because I have seen a ship 
which was fitted with protection against torpedo attack safely docked after being struck 
by three torpedoes: and it would not be a difficult matter, in my opinion, to construct mer- 
chant ships so that on the outbreak of war they could be provided with some such system 
of protection which is markedly superior to that described in this paper. In conclusion, how- 
ever, I desire to repeat and emphasize that it would be far better that all our ingenuity 
and energy should be directed towards the provision of an effective means of sinking the 
submarine rather than an effective means of keeping a ship afloat after it has been struck 
by a torpedo. 


THE PrESIDENT:—We are certainly very much obliged to Commander Goodall for 
the discussion of this paper. May I ask if it would be proper for him to describe the 
methods of protection to which he referred? 


CoMMANDER S. V. GooDALL:—I am afraid, sir, I could not do that. 


Captain W. Hoveaarp, Member (Communicated) :—As Mr. Donnelly refers to my 
methods of determining the trim of a ship in the damaged condition, and as his explana- 
tion of that method on some points is not quite complete, I wish to make a few additional 
remarks to it. 

I use the so-called “lost-buoyancy” method according to which the water that enters 
the ship is regarded as part of the sea, and not.as a weight added to the displacement. By 
this method the displacement remains unaltered, and the center of gravity remains in the 
same position as before bilging. 

The formula which I use for calculating the trim (total) when the flooded compart- 
ments are in free communication with the sea, is :— 


purl 
t 


 WGM' 


where # is the factor of permeability, and pw is the weight of water which has entered the 
ship up to the original water-line. This weight, of course, is a known quantity. r is the 
distance of the center of gravity of that water from a vertical through the center of gravity 
of the reduced water-line (obtained by deducting the flooded area from the original water- 
line area). L is the length of the ship. JV is the displacement to the original water-line. 
GM’ is the longitudinal metacentric height found by first determining the metacentric 

radius BM’, and subtracting from BG, the distance between the center of buoyancy and 
the center of gravity. The change in the vertical position of the center of buoyancy is 
neglected. 

I’, 

BM =— 

V 
where J’, is the longitudinal moment of inertia of the reduced water plane about a trans- 
verse axis through its center of gravity and V is volume of the original displacement. 
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The method employed by Mr. Donnelly is the so-called “added weight’? method, where 
the water that enters the ship is regarded as an added weight. The displacement is aug- 
mented by that amount and the center of gravity changes its position. The two methods are 
equivalent and give the same result if properly applied. I prefer the lost-buoyancy method 
for reasons which would be too lengthy to explain in this place. 

It would be of the greatest interest to the profession if the exact circumstances of bilg- 
ing under which the S. S. Lucia went down were known, as it would throw considerable 
light on the important problem of the safety of ships at sea. Perhaps Mr. Donnelly or 
some other member of the Society is able to give information on that subject. 


THE PRESIDENT :—Is there any other gentleman who wishes to discuss this paper? If 
not, a motion of thanks to the author of the paper, Mr. Donnelly, is in order. 


Rear-ApMIRAL Francis T. Bowes, Past President :—I think the members of the Society 
appreciate Mr. Donnelly’s courage, in the face of recent events, in coming here and so carefully 
explaining the methcds that he has advocated. It seems to me, however, proper to say that 
many of us were opposed even to the conduct of this experiment, and naturally we feel that 
judgment was right. 


THE PRESIDENT :—Is there any other expression of opinion to be given? Mr. Donnelly, 
do you wish to close the discussion ? 


Mr. DonNELLy :—Just a word, Mr. President. I understood Commander Goodall to 
say that matters relative to the protection of the merchant ships should be left to the 
Navy. I should infer that he meant that the Navy Department, constituted as an arm of 
defense for the nation, should do this. It seems to me that the matter of the construction 
of the merchant ships should be left to the men primarily who ship their cargoes in the ship 
and place their property in the hands of the people who operate the ships. After that it 
should be left in the hands of the people who own the ships. 

I am particularly interested, not so much in the loss of property in the time of war, 
great as it has been in this last war, much as it may be in wars which may come—but as an 
engineer I am more particularly interested in the development of the art of constructing 
floating craft to protect the lives and property of the people who go down to the sea in ships 
during times of peace. 

I ask the review of this paper by my fellow-members of the Society from the point of 
view of its economic value, to save the destruction of life and property, the cumulative de- 
struction of it, and on that ground I leave it before the Society for the study of those who, 
like myself, participate in this art, with all due confidence as to the result. 


Tue PresipENtT :—I think a vote of thanks is due to Mr. Donnelly for the careful 
preparation of the paper. All those in favor say “Aye”; contrary-minded, “No.” The mo- 
tion is carried. 

Mr. Donnelly will kindly accept the thanks of the Society. 

We will now have the next paper, No. 4, entitled “Progress in Turbine Propulsion,” 
which will be presented by Mr. Francis Hodgkinson, Esq., Visitor. 


Mr. Hodgkinson presented the paper. 


PROGRESS IN TURBINE SHIP PROPULSION. 


By Francis Hopexinson, Esg., Visitor. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November, 14 and 15, 1918.] 


The extraordinary development of the steam turbine for land purposes, almost 
entirely supplanting the reciprocating engine, rendered the application of steam tur- 
bines for the propulsion of ships a natural sequence. 

Sir Charles A. Parsons commenced the development of the reaction steam tur- 
bine in 1884. This was the first reduction of turbines to practice, although Dr. 
De Laval developed his small high-speed geared machine about the same time, and 
there had been some sporadic attempts at development prior to this. 

Five years thereafter Sir Charles commenced their application to the small- 
sized central power stations then being built, he realizing the advantages of the 
steam turbine when built for large capacities as compared with the small lighting 
sets built previously. 

During 1884 turbines as large as 500 kilowatts had been built for central sta- 
tions in London, and at that time attention was given to the application of tur- 
bines to marine propulsion and plans were made for the building of the historic 
Turbinia. The progress up to that time was indeed rapid, when the limited appli- 
cation of high-speed machinery is considered. On the other hand, it is unfair to 
compare what has been accomplished in the thirty years of development of the steam 
turbine with the ninety years required for the reciprocating engine. In the case of 
the latter the mechanical arts had to be developed along with it, all of which were 
available for the turbine engineer. 

The Turbinia was built especially to demonstrate the possibility of turbine propul- 
sion and was of torpedo-boat type, 100 feet long, 9 feet beam, 3 feet draught, 44 
tons displacement, and was completed in 1895. 

The first machinery comprised a single complete expansion turbine of radial 
flow type direct connected to the propeller. The turbine was intended to develop 
2,000 horse-power at 2,000 to 3,000 revolutions per minute. There were but little 
data available at that time concerning propellers to operate at such speeds, and sev- 
eral propellers were tried with no particular success. The trials of these several 
propellers would be of much interest if their records were available. They led to 
extensive experiments on the part of Sir Charles regarding cavitation. 

Tt was not until in 1896 that anything like success was attained when the Tur- 
binia’s machinery was changed over to three compounded turbines, the steam pass- 
ing them in series, each driving one of the three propeller shafts, and each shaft 
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carrying three propellers. Tests were carried out in 1897 and 32.76 knots mean 
speed per hour was attained. 

The application of turbines to marine propulsion became very rapid, and the 
construction of the turbine as applied to the larger ships called for the greatest skill 
of the designer, in regard to which no words of the author could pay adequate 
tribute. 

The engineering skill required in the design of the modern high-speed geared 
turbine bears no comparison to that required for such gigantic engineering un- 
dertakings as the direct-connected turbines of the Mauretania, the Lusitania, or 
the Carmania, for example. 

It became early apparent that, because of the disparity between the best speed 
of the turbine and the propeller, there was a distinct line of demarcation, about 17 
knots, below which the application of turbines was not economical, which naturally 
debarred not less than some go per cent of the vessels afloat. 

In 1904 turbine marine propulsion had reached such stages that by the end 
of that year some twenty-six vessels, aggregating 147,000 horse-power, were in ser- 
vice, which created enough interest to lead George Westinghouse to consider en- 
tering the marine field. 

At his instigation the late Admiral G. W. Melville, U. S. N., and Mr. John H. 
Macalpine visited Europe in 1904 to report on the marine situation as it then existed, 
and it is interesting to note that, in spite of the large number of vessels equipped in 
Europe, the report was anything but encouraging. They did not see any opportunity 
for the steam turbine for driving ships as compared with the existing reciprocating 
engines, particularly in the case of ships which are required to operate at cruising 
speeds, and they showed how inferior were the turbine installations as compared 
with the reciprocating engine installations when so operated. They recognized the 
applicability of the turbine to express steamers which always operated at their full 
speed, and pointed out their lack of economy when applied to lower speed ships which 
comprise the greater part of the merchant marine. They said, “If one could devise 
a means of reconciling in a practical manner the necessary high speed of revolution 
of the turbine with the comparatively low speed of revolution required by an effi- 
cient propeller, the problem would be solved and the turbine would practically wipe 
out the reciprocating engine for the propulsion of ships. The solution of this prob- 
lem would be a stroke of great genius,’ and proceeded some time thereafter them- 
selves to become the genii by designing a tooth reduction gear adaptable to such 
service, embodying the now well-known floating frame. 

Mr. Westinghouse at once recognized the great possibility of its construction, 
and though considerably delayed on account of the financial depression at that time, 
a reduction gear expected to develop 6,000 horse-power, reducing from 1,500 to 
300 revolutions per minute, was tested in 19090. 

The inventors recognizing that no gear was suitable for shipboard use that 
was not capable of successfully operating with considerable misalignment. the gear 
was operated with the pinion deliberately set out of alignment 0.020 inch in the length 
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of the pinion, thus demonstrating the adaptability of the floating frame to its in- 
tended function. 

While this demonstration plainly opened the way for the application of the 
steam turbine to the driving of all manner of ships without reference to speed, 
obviously permitting fuel costs to be reduced in amounts of 15 per cent to 20 per 
cent, the application to ships was slow, possibly because of the small number of ships 
being built in this country and undue conservatism on the part of shipowners. The 
reduction gear was, however, applied to a large number of land installations with 
uniform success. It is argued by many that the performance of land machinery 
can be no criterion of its suitability for marine work. This is particularly true in 
the respect that alignment once secured on land will generally remain unimpaired 
for an indefinite period, while, on the other hand, continual disturbances of align- 
ment of necessity will obtain on ships. There is one respect, however, in connection 
with these gears in which their application to land work is more exacting than in 
marine work, owing to the much greater inertia of the slow-speed generator as com- 
pared with the ship propeller. The gear operates between much more massive fly 
wheels than in the case of the marine installation, demanding extreme accuracy of 
gear cutting, so far as any errors of pitch which might result in any unequal an- 
gular velocity are concerned. Any errors of this character, quite unobservable when 
the gear is driving the relatively low inertia ship’s propeller, will rack and pound 
badly when driving heavy generators. 

In spite of the advantages offered by the geared turbine there were but few in- 
stallations contemplated in this country until the complexion of the shipbuilding in- 
dustry was completely changed by the war, although the collier Neptune was equipped 
and contracts were placed for the destroyer tender Melville, as well as the cruising 
gears for some battleships. Parsons had, in 1910, done some exploiting with the 
fixed bearing gear in the S. S. Vespasian, transmitting 500 horse-power per pinion. 

So far as land gears are concerned, Table I shows those constructed by the 
Westinghouse Company up to 1915 and since :— 


TaBLe I. 
Size, Built Built Tea Aggregate 

horse-power before 1915 | after 1915 otal’ | total horse-power 

1 to 300 27 400 427 42, 951 

300 to 500 17 24 41 48, 582 

500 to 800 10 30 40 25, 312 

800 to 2,000 14 26 40 50, 314 

2,000 to 6, 000 5 5 10 30, 675 

Motalse ree nitst 73 485 558 197, 834 
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In addition to this a large number of fixed bearing gears were built, and at 
one time during this period, with the view of reducing costs, fixed bearing gears 
were built in sizes as large as 500 kilowatts, the results of which were not encourag- 
ing, so that at the present time these are not built in sizes larger than 300 kilowatts, 
which is regarded by the Westinghouse Company as the extreme limit for fixed bear- 
ing construction. The flexibility of the floating frame, as the design was originally 
developed by Melville and Macalpine, was obtained by the pinion frame being sup- 
ported on a flexible steel member as indicated in Fig. 1, Plate 28. This was later 
modified by the construction shown in Fig. 2, Plate 29, by Mr. Westinghouse, for the 
purpose of incorporating therewith a dynamometer which would measure directly 
the reaction on the pinion bearings. Oil was taken from the film, which is at high 
pressure within the bearings, and led to within the cylinders “B,” one located be- 
neath each of the three bearings where the pressure was regulated by letting a por- 
tion of the oil escape by the automatic valve “C,” thus balancing the pinion frame 
upon the pistons at a fixed distance above the bed. By reading the pressure within 
the cylinders and determining the revolutions, the horse-power being developed may 
be at once determined. The construction, however, lacks the extreme simplicity of 
the original design and for that reason is not employed except in cases where a dyna- 
mometer feature is demanded, in which case the combination of the two is employed 
as is shown in Fig. 3, Plate 30. When normally operating, the floating frame is 
bolted to the base of the gear case and the flexibility is obtained by the flexible 
steel member as in the inventor’s original design. The bolts that secure the frame 
to the bed may be loosened and, by means of an auxiliary oil pump, oil is admitted 
to a single cylinder in sufficient quantities to raise the frame a slight distance and 
the pressure observed. The power developed is calculated therefrom as in the other 
case. Whenever desired, the horse-power may be determined in a manner not un- 
like that of taking indicator cards of reciprocating engines. 

The essential features of the floating frame gear will be but little referred to here 
in view of the many articles that have been written on this subject by Mr. Macalpine.* 

The point most freely discussed in connection with reduction gears is the per- 
missible tooth pressure per lineal inch of tooth face. Unquestionably the safe load 
which can be transmitted by the gear teeth is all-important, but unfortunately the 
subject has been frequently regarded as entirely independent of any other feature of 
the reduction gear design. This is a mistaken view. The ultimate limit of pres- 
sure which the teeth can safely carry has not been determined, but the pressures 
at present in use among designers are only possible with the most accurate align- 
ment. No comparison of tooth pressure is therefore reliable without careful consid- 
eration of the methods used to maintain the unit pressure within the limits for which 
the design was made. Faulty bearing design, inadequate support or improper 
couplings may be individually or collectively responsible for deranging the align- 

*Vide, London Engineering, dated September 17, 1909, May 5, 12, 19, 26, and June 2, 9 and 16, 1916; 


Proceedings of Engineers’ Society of Western Pennsylvania dated December 18, 1917; Institution of Naval 
Architects, London, March 29, 1917. 
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ment, resulting in a concentration of the tooth load and often failure of the teeth. . 
It is obvious, then, that merely to limit the unit tooth pressure to some fixed em- 
pirical figure for all gears in no way insures the safety of the teeth. On the other 
hand, anything which tends to maintain the alignment of the teeth and to prevent 
concentration of pressure is to be welcomed as a source of safety in the operation 
of the gearing. It is for this reason that the Melville-Macalpine invention of the 
I-beam support for the pinion bearings is so thoroughly justifying the claims made 
for it. The closer this mechanically correct device is investigated, the more appa- 
rent becomes its most important function, namely, to maintain automatically a very 
uniform distribution of tooth pressure under the most severe distortions of the gear 
case that can occur in the frailest hull. Its value in permitting higher unit loads 
than are customary on what have been termed “rigid bearing” gears is graphi- 
cally illustrated in Fig. 4, Plate 31. 

The curves of the rigid bearing dimensions have been compiled from recent ma- 
rine practice in Great Britain. The floating frame figures are those used by the 
Westinghouse Electric and Manufacturing Company for marine work, and there are 
points indicated on this curve showing gears actually in service. 

As previously referred to, the gear, by permitting high turbine speeds, much 
simplifies the turbine design. It enables a speed to be selected for the turbine appro- 
priate for best economy. Furthermore, it inherently permits a design of increased 
reliability by virtue of sensibly reduced dimensions. 

The small high-speed geared turbines require few of the elaborate precautions in 
warming up and getting in service that must be practiced with the large direct-con- 
nected turbines. , 

Gears may readily be arranged with two pinions for even the smallest single 
screw steamer, permitting the employment of what are known as cross compound 
turbines; that is, a high-pressure and a low-pressure turbine, the steam passing them 
in series. Piping is arranged that by the manipulation of valves the high-pressure 
turbine may exhaust direct to the condenser, or the high-pressure turbine be isolated 
and the low-pressure turbine receive high-pressure steam direct. Thus, generally 
speaking, no turbine or gear accident is likely to so incapacitate the machinery that 
the vessel cannot reach port at reduced speeds. There is one record of a 10% knot 
steamer, which, on account of breakage of one pinion, crossed the Atlantic with the 
low-pressure turbine alone, obtaining speeds as high as 9 knots. 

The general arrangement of such an installation is shown in Fig. 5, Plate 32. 
Its reliability has much to commend it. This is not only due to the flexibility above 
referred -to, but further due to the simplification of the turbines themselves. Each 
turbine only expands the steam corresponding to half the heat drop, and so has a 
much reduced number of turbine elements, smaller temperature range, and reduced 
length between bearings as compared with a complete expansion turbine, having 
similar economy. Both high and low-pressure turbines are provided with reversing 
elements arranged in a similarly compounded manner to the ahead elements, thus 
rendering maneuvering possibilities as complete with one turbine element operating 
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as with both. A compact arrangement of the double pinion double reduction gear 
representing latest practice is shown in Fig. 6, Plate 33. 

Of necessity the cross compound turbine installation with its double pinion gear 
is more costly than the single complete expansion turbine, and with keen competition 
will not be installed unless shipowners recognize its manifest advantages. So far as 
the writer has observed, owners seem quite indifferent to the probable reliability of 
machinery so long as they secure insurance and the protection of the classification 
societies. The plea is therefore made by the author that underwriters, in collabora- 
tion with the classification societies, should discriminate in insurance rates between 
types of installations having manifestly differing degrees of reliability. 

No doubt single-screw steamers will frequently be driven by single complete ex- 
pansion turbines, at least for low powers. An example of a small sized installation 
1,800 horse-power is shown in Fig. 7, Plate 34, and attention is called to some of 
its features. The double reduction gear elements are arranged one above the other 
with the high-speed pinion uppermost. This elevates the turbine axis and permits 
the condenser to be located immediately below the turbine, permitting the exhaust 
to issue from the under side of the turbine and pass vertically downwards to the 
condenser, much simplifying the removal of water. One end of the turbine is car- 
ried directly upon a bracket integral with the gear case, the other by the exhaust out- 
let being set directly upon the condenser. The condenser is secured by its upper sur- 
face to seatings, eliminating disturbances to alignment on account of expansion of 
the condenser. 

There appears to be much apprehension in the matter of the reliability of tur- 
bine-geared steamers, and if current rumor may be relied upon there have been 
many failures, which, with more careful design or by employing the best in the art, 
would seem to have been wholly unnecessary. To correct such an impression, Table 
II gives a list of all vessels equipped with the floating frame gear and Westinghouse 
turbines. The table states the date on which the vessel entered service, the power 
of the installation, and approximately the miles traveled up to the present time 
(September 1, 1918). 

Some troubles have been experienced as are certain to occur with all kinds of 
machinery. Since there must be a largehuman element, footnotes are appended, 
plainly stating the character of the troubles. 


Name of ship 


Melville ..... 


Neptune ..... 
Malmanger .. 


Westwood ... 


Coronado.... 
Yosemite..... 


Westerley.... 


West Eagle.. 
Yellowstone .. 
Overbrook ... 
Oakland .,... 
Accomac..... 
Avondale .... 
Wakulla..... 
West Ford... 
Wampum.... 
Wassiac ..... 
Montrolite ... 
West Galoc.. 
West Gleata. . 
Polar Sea.... 


Phoenix...... 
Pennsylvania. 


Arizona...... 


Mississippi... 
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TABLE II. 


Where built 

New York S. B. Co. ...... 
Maryland Steel Co........ 6, 500 
Chester S. B. Co.......-.- 2, 900 
Ames S. B. Co........... 2, 500 
Union Iron Works........ 10, 000 
Chester S. B. Co. ........ 2, 900 
Chester S.B.Co.. .. ....| 2,900 
Moore S. B. Co. ......... 2, 400 
Moore S. B. Co. ..........| 2,400 
Ames S. B. & D.D.Co...| 2,500 
Chester S. B. Co. ....... 2, 900 
Ames S. B. & D. D.Co...} 2,500 
Moore S. B. Co. ......... 2, 400 
Chester S. B. Co. ....... 2, 900 
Moore S. B. Co........... 2, 750 
Los Angeles S. B. Co. ....| 3,000 
Chester S. B. Co.......... 2, 900 
Los Angeles S. B. Co..... 3, 000 
Ames S.B. & D.D.Co...| 2,750 
Los Angeles S. B. Co...... 3, 000 
Los Angeles S. B. Co. ... 3, 000 
Ames S. B. & D.D.Co. ..| 2,500 
Los Angeles S. B. Co..... 3, 000 
Los Angeles S. B. Co.....| 3,000 
Baltimore D.D. & S.B.Co.| 1,800 
Chester S. B. Co.......... 2, 900 
Newport News S. B. Co...| 3, 200 
New York Navy Yard..... 4, 000 
Newport News S. B. Co...| 3,000 
Re-engined at Philadelphia 

Navy Yard............. 14, 000 


Date 
in service 


11- 1-156 


12- 1-15 
3- 8-17 
3-24-18 
4-17-17 
7- 6-17 

12- 4-17 
1-29-18 
2- 2-18 
2-27-18 
3- 5-18 
‘4-12-18 
4-25-18 
4-30-18 
5-30-18 
6- 6-18 
6-23-18 
6-26-18 
6-30-18 
7- 9-18 
7-25-18 
8-12-18 
8-13-18 
9- 5-18 
9- 6-18 
9- 7-18 


Not known 


Not known 


Not known 


Not known 


Not known 


ecteaa Groubles Remarks 
Guuren) in service 
U.S. T. B.D. 
7, 000 None.... 4 |tender main gear 
only 
128, 000 See note A U. S. collier 
2, 500 None...... Sunk 3-23-17 
16, 000 None 
60, 000 See note B 
36, 000 See note C 
25, 000 None 
27, 000 None 
27, 000 None 
7, 600 None...... Sunk 4-29-18 
15, 000 See note D 
11, 000 None 
22, 000 None 
16, 000 None 
12, 000 None 
12, 000 None 
6, 000 See note E 
poddogdsndou None 
8, 000 See note F 
dgobdacdoabe None 
Sao wo mene None 
5, 000 None 
savanocop yen None 
oudoooN neo None 
cboocdnbosss None 
AoaocodsoDoo None 
U. S. battle- 
Not known | None.... ship cruising 
gears only 
Not known | See note G Do. 
Not known | None...... Do 
Not known | None...... U.S. T.B.D 
Not known | None...... U.S. T.B.D 
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NOTE A. 


U. S. S. Neptune—This ship was equipped with two sets (twin screws) single reduction gears and tur- 
bines, the turbines having been largely experimental and were not successful. The gears, however, operated 
splendidly. The turbine machinery was then replaced, and inasmuch as a higher turbine speed was con- 
sidered desirable, new gears involving a greater speed reduction were also installed at this time. The 
designed constants of the new gears were very high and are still much in advance of our present practice. 

Considerable trouble was experienced due to the teeth abrading, which was only overcome by the use 
of lard oil. Since that time, however, in November, 1915, no further trouble has been recorded, and the 
teeth at the last inspection were in good condition without any indication of wear. 


NOTE B. 


S. S. Maul.—This vessel was built by the Union Iron Works. Inasmuch as we were late in delivering 
the machinery, we were unable to carry out any tests on the gears in the works, and inasmuch as great store 
was set by the owners that nothing should go wrong on the maiden voyage, and as there was some un- 
certainty as to the excellence of the tooth surfaces, lard oil was employed as a lubricant for the first two 
voyages, after which mineral oil was substituted for the lard oil. 

The operation of the machinery was all that could be desired for eight voyages, at which time there 
was abrasion of the gears due to failure of the lubrication. This was discovered in Honolulu and the 
ship returned to San Francisco with nothing being done to the machinery except an attempt to clean the 
oiling system. The tooth surfaces smoothed up considerably during the voyage. 

The gears were then transposed from one side tothe other so as to make what had been the astern 
surfaces the ahead surfaces, so as to use uninjured tooth surfaces for ahead operation. 

Again because of some uncertainty of the tooth surfaces lard oil was employed as a lubricant and 
the vessel entered in government service, going to Chile for cargo and proceeding to Baltimore. During 
the voyage there was an accident to an oil cooler, admitting salt water to the system. The shipbuilder 
having provided no means of removing any water, the effect of the salt water on the lard oil was to turn 
it violently acid which necessitated a complete overhauling of the machinery on its arrival in Baltimore. 

On this being completed and on the trip from Baltimore to New York trouble was experienced with 
abrasion of the tooth surfaces due, it was believed, to an inferior quality of oil, together with further 
failure of the oil cooler, admitting enough water to the system to make an emulsion of approximately 30 
per cent. A better oil was substituted and nothing was done to the tooth surfaces, the vessel having made 
one voyage to Europe and back with no trouble so far as the gears are concerned. 

During this voyage trouble was experienced with one of the turbines, causing quite an extensive re- 
pair because of an obstruction in one of the oil passages to the thrust bearing of the turbine, causing the 
thrust bearing to fail; the turbine rotor, moving endwise, completely wrecking the labyrinth packing be- 
tween the ahead and astern elements and buckling the rotor. 


NOTE C. 


S. S. Golaa—Norwegian oil tanker built by Chester Shipbuilding Company and chartered by British 
Admiralty. Put in service July 6, 1917. Made three round trips to English ports. At present in coastwise 
trade between Port Arthur, Texas, and Philadelphia or Bayonne. Towards end of last trip from Europe 
(February, 1918) some teeth on starboard high-speed pinion broke out. This gear was disconnected and 
ship made port, using low-pressure turbine only. Inspection showed break occurred on one helix, 3 
inches from end of tooth face. There was no evidence of wear on any of the tooth faces, the undamaged 
portion of broken tooth face indicating uniform distribution of load. This fact and the position of frac- 
ture make certain accident was due to defective material. 

In August of this year the high-pressure turbine suffered injury as a result of improper setting of the 
turbine thrust bearing. Shortly thereafter an accident occurred to the pinion which replaced the one originally 
defective. The character of the broken tooth was Similar to the previous one. The broken parts have not 
yet been received to enable a careful examination of the material to be made. 


NOTE D. 


S. S. Sudbury—An American freighter built by the Chester Shipbuilding Company for the Shawmut 
Steamship Company. It is at present being operated by the U. S. Naval Overseas Transportation Service. 
A few days after leaving France on return half of maiden voyage, some teeth broke out of starboard high- 
speed pinion. This gear was disconnected and ship returned to New York, using low-pressure turbine only, 
with which 9 knots was attained, the designed full speed being 1034 knots. 

On arrival at port, inspection showed no wear, the tooth load having been well distributed on all tooth 
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faces. Several teeth were cracked. Subsequent examination of steel indicates defective material, most 
probably due to faulty heat treatment, the fracture indicating the steel had been burned. This was con- 
firmed by discovery that some teeth in port high-speed pinion were also cracked, although no failure oc- 
curred in service. Both pinions were forged from the same billet and treated at the same time. These 
pinions are similar as to material and design with twenty-five other pinions now in successful operation. 


NOTE E. 


S. S. Avondale—An American oil tanker, built by the Chester Shipbuilding Company and being operated 
by the Pan-American Oil Company for the United States Shipping Board. Just as ship was leaving Phila- 
delphia for trial trip a heavy blade rub was heard in high-pressure turbine. Inspection indicated defective 
workmanship. Some of the rotating blades were loose as a result of having been improperly put in. The 
spindle was rebladed and ship proceeded satisfactorily from Philadelphia to New York. This turbine is a 
counterpart of twelve others now in successful operation on various ships. 


NOTE F. 


S. S. West Ford—This vessel left Seattle at 5 p. m. on July 14, 1918, on her maiden voyage to an 
Atlantic port. Seven hours out from Seattle, oil commenced foaming out from the turbine, running over 
the engine-room gratings. The chief engineer was called and, instead of investigating the reason for 
augmentation of the oil, he was content to pump 200 gallons to a reserve tank. Later the same thing oc- 
curred, oil again running out on the gratings, and later still at 2.14 a. m., the high-pressure turbine com- 
menced vibrating so badly that it interfered with their lighting system. They shut down to remedy the mat- 
ter of the lighting system, and on trying to start the turbine it required 125 pounds initial pressure to revolve 
it. Serious vibration was again in evidence so the Chief decided to do what he termed “crank up on the 
thrust.” It was impracticable to anchor so they returned to Port Townsend at 40 revolutions per minute. 
They then made an observation of the oil in the drain tank, and on removing the cap the oil squirted to the 
roof of the shaft alley. It was later discovered an oil cooler tube had split, admitting large quantities of 
salt water to the oil system. 

Instructions had been given that the level of the oil in the drain tank should be regularly observed, 
and it is incomprehensible that it was not at once obvious that something was getting in the oil system 
from some exterior source. Merely looking at the oil would have determined this was salt water. Then 
all that would have been necessary was to shut off the water service to the cooler and separate the relatively 
small quantity of salt water from the gravity tank, and there need have been no interruption whatsoever. 
The result of such neglect was for the bearings, for want of lubrication, to let the rotor down, causing con- 
siderable injury to the turbine. 

NOTE G. 


U. S. S. Arizona—On a voyage from Cuba to the United States the teeth of one of the crusing gears 
scored. Subsequent investigation showed that the oil pumps had stopped and the supply to the gears had 
failed. The teeth were dressed up and no further trouble has been experienced. 


As in land installations, the overall economic performance is not dependent on 
the prime mover alone. High performance is not to be secured without care being 
bestowed on all the ancillary apparatus, attention to matters of heat balance with 
the feed water heater, condensing apparatus capable of performing with a close 
approach to the ideal, etc. 

Large size land turbines have been built which deliver to the shaft not less than 
about 80 per cent of the theoretical energy available from the steam expanding 
between the limits specified, so that further improvements in the turbine itself 
will not materially raise this efficiency. Further improvement in economy must be 
looked for from causes other than the prime mover itself. This is a subject of 
the greatest importance in view of the rapidly increasing cost of fuel, and it justi- 
fies considerably more capital expenditure for economizers and other such apparatus 
which will reduce fuel cost. 
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The engineer of our large central stations is subject to keen competition and 
is confronted almost solely with the problem of producing reliable energy for the 
least cost, including fixed charges. He has before him daily statements showing his 
overall power costs with a high degree of accuracy, resulting in considerable suc- 
cess on his part in the production of low power costs. 

It is therefore not unreasonable that the marine engineer might look to the cen- 
tral station engineer for advancement from some of the latter’s best practice. It 
is of course understood that complete standby machinery is not available for the 
marine engineer, neither can the superintending engineer direct those in immediate 
charge of the machinery by frequent visits. Hence there is the more urgent call 
for the greatest reliability and simplicity of the marine installation; though, after 
all, perhaps not more than that which the central stations have in our big cities. 
An interruption to service, however brief, is regarded most seriously. 


FEED WATER HEATING SYSTEMS. 


It is common practice on shipboard to provide a closed or tubular heater to 
which is led the exhaust steam from the auxiliary machinery, which latter exhausts 
at a pressure between 5 and 10 pounds gauge. The exhaust system is provided 
with a connection to let any proportion of this steam to the condenser. Some- 
times again there is a hand valve, permitting any surplus of this steam to be taken 
to a low pressure stage of the turbine, all of which calls for hand manipulation 
where the conditions are sometimes quite variable, owing to more or less inter- 
mittent operation of the feed pump. Sometimes the connection to the condenser 
is provided with a spring loaded valve so that when the exhaust pressure reaches 
a predetermined pressure, higher than that within the condenser, steam may pass 
to the condenser. The construction of the valves usually employed is such that 
the higher the pressure in the condenser, the higher is the pressure at which the 
steam will pass to the condenser, which is of course undesirable. A system which 
will automatically maintain a predetermined temperature in the feed heater at 
all times, bleeding the main turbine for this purpose, at high powers if necessary, 
and at the same time automatically permit any surplus steam not condensed in the 
feed water heater to do useful work in the turbine, is much to be desired. 

Heat balance systems have for some time been available for land purposes, 
there being provided automatic valves so that whenever there is a surplus of auxil- 
iary exhaust steam this surplus may pass through a low pressure stage of the tur- 
bine, doing work therein at the rate of 20 to 22 pounds per horse-power. Other 
types of valves are available for land installations which will not only take surplus 
steam into the turbine at times of light loads on the main unit at which time the 
auxiliaries will obviously furnish too much exhaust steam; but, on the other hand, 
they are arranged to deliver steam from the turbine to the feed water heater at 
times of heavy loads when the stage pressures in the turbine are relatively high and 
there is a deficiency of steam for feed water heating. The latter should particu- 
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larly find a place on war vessels which are required to operate for long periods at 
different speeds, where there is a widely varying ratio of steam used by the auxil- 
iary machinery to that used by the main turbines. In merchant vessels this ratio 
is more nearly constant, but nevertheless careful study to the end of obtaining a 
complete heat balance will be advantageous. Details of the two forms of valves 
above described are shown in Fig. 8, Plate 35, and Fig. 9, Plate 36. 

The valve shown in Fig. 8 is intended for cases where there is never a defi- 
ciency of auxiliary exhaust steam for feed heating. It comprises a piston having 
atmospheric pressure above it, and the auxiliary exhaust steam below. When the 
auxiliary exhaust steam pressure rises a sufficient amount above the pressure of the 
atmosphere to raise the piston, steam may pass to the turbine. Air leakage into 
the turbine is entirely precluded by ample steam seal around the piston furnished by 
the auxiliary exhaust steam. The piston may be loaded to any feed heater pressure 
desired. The upper cylinder is to forcibly close the valve in the event of the tur- 
bine over-speeding. 

The modification of this valve shown in Fig. 9 is adaptable where there is 
at times a deficiency of auxiliary exhaust steam. Any time the stage pressure 
in the turbine is greater than that in the heater, the lower piston will rise, permit- 
ting passage of steam from the turbine to the heater, at the same time, when re- 
quired, permitting flow to the turbine as in the case of the valve shown in Fig. 9. 

It sometimes occurs that the turbine is subjected to such overloads that a stage 
of the turbine selected to give the desired heater pressure at moderate loads would 
be far too high for the heater at overloads. In this instance the modification 
shown in Fig. 10, Plate 37, may be employed which limits the pressure in the heat- 
ing system in accordance with the spring adjustment regardless of how high the 
pressure may be in the turbine. 

It is the universal practice to employ closed tubular heaters in marine work, 
while in land work what is known as the open heater is the rule. With the ad- 
vent of turbine-driven auxiliaries and electrically operated winches, etc., the aux- 
iliary exhaust may be uncontaminated with oil, permitting the employment of an 
open heater for shipboard use, and a more complete separation of air from the 
feed water. As this type of heater contains no tubes, the heating steam mixes 
with the feed water, as in a jet condenser, so its cost is materially less. Frequently 
these heaters are open to the atmosphere, and hence their name, but when working 
in connection with the heat balance system they must obviously have no open out- 
let, merely a provision for the separation of air, and a relief valve for safety. 
Such a type of feed heater eliminates need of a separate feed tank and must be 
located some feet above the feed pumps to preclude the latter being vapor bound be- 
cause of pumping water near the temperature of evaporation. 


STEAM PRESSURES. 


The attention of central station engineers at the present time is being directed 
to employing higher boiler pressures, viz., pressures as high as 600 pounds. To-day 
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200 pounds pressure and 200° F. superheat are regarded as a more or less everyday 
operating condition for large plants. Steam generated at 600 pounds pressure, 
having exactly the same heat content as that contained in 200 pounds pressure and 
200° F. superheat, will have a superheat of approximately 128° F. This, expanded 
to 29 inches of vacuum, is theoretically capable of giving 13 per cent more energy 
than when generated at 200 pounds and expanded to the same vacuum. Doubtless, 
when operating under the high-pressure conditions, the turbine will be of lower eff- 
ciency. The high-pressure element will be less efficient on account of the great den- 
sity and the small volume of the steam, and on the other hand the low-pressure 
elements will be less efficient because of the great amount of water precipitated by 
the steam expansion from the high pressure, introducing a brake in the turbine. 
However, it is reasonable to suppose that the turbine will avail itself of at least 
50 per cent of this 13 per cent possibility, producing a net saving of 6 or 7 per cent. 
What may be expected to be derived from higher pressures is exhibited in Fig. 11, 
Plate 36, and Fig. 12, Plate 37, plotted for various pressures. 


ECONOMIZERS. 


So far as the author is aware, economizers have not been employed in marine 
installations. It would seem that their capital cost would be well warranted for the 
case of express steamers operating always at their maximum speed. In the case of 
250 pounds gauge steam pressure there isa 16 per cent saving in the work of the 
boiler by a feed temperature of 375° F. as compared with 212° F. To this gain 
there must be made a deduction of the energy expanded by the induced draft fans 
and the scrapers for the economizer surfaces. A net gain of 10 per cent should be 
readily realized. Their installation would seem to present no particular difficulty as 
is shown in Fig. 13, Plate 40. 


SUPERHEAT. 


With the old direct-connected turbines, superheat has never been recommended, 
and wisely so considering their immense structure. Even with the much smaller 
high-speed geared turbines as high superheat as is desirable in land installations 
may not be practicable at sea on account of the rapid stopping, starting, etc., neces- 
sary for quick maneuvering, which may cause uneven heating and cooling. In the 
author’s opinion superheats as high as 100° F. should present no operating diffi- 
culty whatsoever with well-designed high-speed turbines. 100° F. superheat will 
affect the steam consumption not less than 8 per cent as compared with dry saturated 
steam, probably saving some 4 or 5 per cent in fuel. 


CONDENSERS. 


Inasmuch as turbines may be designed to expand the steam to vacuum of 29 
inches, and as the steam consumption with such a turbine will be 7 per cent bet- 
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ter with 29 inches vacuum than with 28 inches, providing it be designed to expand to 
such low pressures, the necessity of providing sufficient well-disposed surface to pro- 
duce such a vacuum is not only obvious, but it is furthermore necessary to have a 
complete understanding of what constitutes good condenser performance with the 
apparatus available. 

An important detail is the drop in steam pressure through the condenser. For 
good practice this should not exceed 1/10 inch mercury. The air pump should be of 
a type capable of completely evacuating the non-condensible vapor from the con- 
denser so that the condenser shell shall contain nothing but steam, and therefore 
be of the same temperature throughout except for the small pressure drop within 
the shell itself. To produce this condition requires not only excellent air remov- 
ing apparatus, but constant vigilance in the elimination of air leaks. It is the prac- 
tice of certain large central stations to provide an air bell, which may on occasion be 
connected to the discharge of air pumps, by means of which the air leakage may be 
measured. With 40,000 horse-power units, 314 cubic feet per minute of free air is 
considered good practice, and should this reach to seven it is the signal for a search 
to discover the source of the leak. Sucha practice would be impracticable on ship- 
board and only serves to point out how central station engineers regard the ill ef- 
fects of air leaks. 

With such a condenser having practically uniform steam temperature through- 
out the shell, there is the greatest temperature difference between circulating water 
and steam in the bottom pass (assuming steam enters at the top and water at the 
bottom) ; while, on the other hand, in the top pass there is but a small temperature 
difference. Hence much more steam is condensed at the bottom than at the top, 
contrary to what is usually experienced with condensers that do not have the non- 
condensible vapors completely evacuated. This calls for especial care in having 
paths for the passage of steam through the upper zones of the condenser to insure 
the minimum pressure drop. 

With the complete evacuation of the non-condensible vapors, the vacuum should 
correspond to a temperature not to exceed one or two degrees higher than the 
temperature of the condensed steam leaving the condenser, which is a point that 
should be kept constantly under observation. 


OILING SYSTEMS. 


While the oiling system van bear no relation to the economics of turbine pro- 
pelled ships, it is of vital concern to the reliability of operation, and too much care 
cannot be given to the layout of the system to the end of obtaining the extreme de- 
gree of simplicity and reliability. 

It has been generally the custom in Westinghouse installations to provide oil 
pumps directly driven by gearing connected to the main gears. The double-pinion 
double-reduction gears, of which a large number have been built, have two oil pumps, 
one driven from each intermediate gear shaft. The design contemplated for the 
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sake of reliability that each oil pump alone be large enough for the system. These 
pumps are relayed by an auxiliary steam-driven pump for use when maneuvering. 
The direct-driven pumps have been objected to in some quarters and duplicate steam- 
driven pumps substituted therefor. The advantage of the latter, while no doubt 
lacking the extreme reliability of the direct driven pumps, is that, when properly 
controlled, it need only pump the oil needed by the system instead of say three times 
as much, which no doubt will have much to do with increasing the life of the oil 
as well as simplifying the filtering or straining systems. What is regarded as an 
ideal system is shown in Fig. 14, Plate 41. It has the following features :— 

1. The pumps are located at as low a level as possible to reduce the suction head 
to the extreme limit. 

2. The drain tank is of as large a dimension as practicable, and is located suffi- 
ciently low to insure the oil draining freely to it from the machinery with ample 
sized pipes, and assurance that with the extreme rolling and pitching there will be 
no leakage from the bearings. 

3. The pump suction should be several inches above the bottom of the tank to 
avoid drawing dirt and emulsion from the bottom. 

4. It is regarded as desirable to employ an additional suction from the bottom 
of the tank by means of which dirty oil may be pumped through a filter and to per- 

mit complete emptying of the tank for cleaning purposes. 
5. The pump is arranged to discharge its oil through coolers to an overhead 
gravity tank located some twenty feet above the machinery. 

6. Duplicate coolers are employed so that while one set is in use the other may 
be cut out of service. They should be by-passed with a spring loaded check valve, 
loaded to some amount greater than the resistance of the cooler so that under no 
conditions can mishandling of the valves cause interruption to service. 

7. An overhead gravity tank is provided with three strainers having succes- 
sively finer mesh. The photograph of one of these strainers is shown in Fig. 15, 
Plate 42. The screens are successively of finer mesh, the first being sheet metal with 
1/16 inch perforations, the second thirty-mesh wire gauze, the last seventy-mesh 
wire gauze. In the event of these becoming choked there can be no interruption 
to service, for the oil merely flows over the top, when they may be readily removed 
for cleaning. The screens are secured to quite large cast frames arranged as 
shown in Fig. 15, so that any dirt falling from the screen on their being removed 
will be caught in the frames and thus removed. 

From these the oil passes through a fractional filter, that is, some of the oil runs 
through filter bags and is thoroughly filtered, the rest overflowing. 

The gravity tank should be provided with a very rugged float of large power 
for controlling the speed of the oil pumps. 

The outlet from the tank to the machinery should be well above the bottom 
and there should be other means of drawing oil from the bottom of this tank to a 
filter or settling tank. The character of the oil in the bottom of this gravity tank 
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should be regularly observed to be sure that the water is not entering the system 
from any source. 

8. The system which provides a settling tank, capable of taking a complete 
charge of oil for the system, is to be recommended. 

g. It is considered desirable that the oil coolers should be arranged, if possible, 
to have the oil pressure superior to the water pressure, so that a loss of oil will 
occur rather than the admixture of salt water. The former would be shown by the 
oil level indicator in the lower tank. 

There are installations, such as destroyers, where there is but little head room 
and where a gravity oiling system is impracticable, and a pressure oiling system 
must be employed. In this case twin strainers or their equivalent must be resorted 
to. These are of course dangerous because of them becoming choked and interrupt- 
ing the service, or bursting and letting dirt through if the pumps are sufficiently 
powerful. If they must be employed they should invariably be by-passed through 
a spring-loaded check valve, loaded to say one-half pound, so that with a slight 
increase of resistance of the strainers the oil will by-pass them and the service 
never be interrupted. 

Concerning arrangements of the turbines themselves, a design of a single com- 
plete expansion unit has already been referred to. The general design of the cross 
compound units is shown in Fig. 16, Plate 43, and Fig. 17, Plate 44. The re- 
ceiver pressure between the high and low-pressure elements approximates 5 pounds 
gauge at full power, rendering it adaptable for connection to the auxiliary exhaust 
steam and the feed heater as has previously been discussed. The detail construction 
of these turbines, method of inserting blades, etc., etc., will not be dealt with in 
detail here as already much has been written concerning them,* except those details 
which apply particularly to marine work. 

The turbines illustrated in Figs. 16 and 17 are essentially for vessels always 
operating at their maximum speed and are subject to modifications on ships where 
cruising speeds are involved. One of these, known as the “divided flow” type, is 
shown in Figs. 18 and 19, Plates 45 and 46, and are the turbines applied to a 
Swedish cruiser. The combination comprises an impulse element in the high- 
pressure turbine through which passes all the steam to the system. The nozzles 
are arranged in groups, each under valve control so that the turbine may realize sub- 
stantially full pressure at the nozzles with widely differing volumes of steam flow. 
The general arrangement of this combination is shown in Fig. 20, Plate 47. After 
passing the impulse element the steam divides, one portion continuing through the 
same turbine to condenser pressure; and a slightly greater portion passing over to 
the low-pressure element through which it expands to the condenser. For cruising 
the one low-pressure element may be cut out of service, the steam closed to certain 
nozzles, and the turbine operated with fair economy at the reduced power. The rea- 
son for a greater proportion of steam passing to the low pressure is in order that 
the work may be equal on the two pinions at full power. 


*See Electric Journal for January, February, March, April, 1918. 
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This divided flow combination is adaptable to constant speed steamers and will 
generally give nearly as good performance in steam consumption as the cross com- 
pound unit previously referred to; and it has one advantage, that reversing elements 
may be.placed in both turbines as in the cross compound unit without the need of 
the labyrinth packing between the ahead and astern exhaust chambers in the high- 
pressure elements. Although not being compounded one with the other, the revers- 
ing elements are not as economical as the cross compound unit first described. At 
full power the steam passes in parallel through three sets of low-pressure blades 
(if the low-pressure turbine be double flow), thus permitting smaller turbine di- 
ameters or higher rotative speeds, or both if desired, without reducing the adapt- 
ability of the turbine to expand to low pressures. This type of installation has the 
advantage of smaller cross connecting pipes than the straight cross compound. 

There is a further modification of these arrangements known as the “series di- 
vided flow” as illustrated in Fig. 21, Plate 48, which provides for certain of the 
turbine elements being operated in parallel for maximum powers and in series for 
reduced powers. It will be observed from the figure that the blade proportions 
work out with approximate corrections for either the series or the parallel condi- 
tion of operation. This combination renders unnecessary the installation of a sepa- 
rate turbine for use when cruising. The relative performances of these respective 
types of turbines are exhibited in curves, Fig. 22, Plate 49. 

Some installations have been made where cruising turbines have been employed 
and attention is called to the arrangement for coupling the cruising turbine, shown in 
Fig. 23, Plate 50. It has been regarded in the past as desirable that the cruising 
turbines be arranged so that they may be operated when connected to the main tur- 
bines at the maximum speed of the main units, the idea having been that should 
the engineer go up to full power of the vessel and forget to disconnect this cruis- 
ing turbine, no injury would result therefrom. This meant that when the cruis- 
ing turbine was in service it had to operate at very low blade speeds and be there- 
fore quite heavy or the cruising turbine cannot be arranged to be very economical. 
It is the practice of the Westinghouse Company to design the cruising turbine 
geared to the main turbine and designed for the speeds at which it is required in 
service, which would be dangerously high should it not be disconnected at full power. 

The design shown in Fig. 23 provides that should the cruising turbine oper- 
ate above a predetermined speed, steam will automatically be shut off from it and 
the clutch automatically opened. The arrangement of this installation provides that 
the steam maneuvering valve is employed whether the cruising turbine is in opera- 
tion or not. Means are provided for readily synchronizing the cruising turbine to 
the speed of the main turbine and throwing the clutch without affecting the speed 
of the vessel, provided it is running at speeds corresponding to that at which the 
cruising turbine should be operated. 

An interesting equipment suitable for patrol boats and cutters is shown in Figs. 
24, 25, and 26, Plates 51 to 53, of which three are in service and some fifty more 
building. They are exceedingly simple, the turbine comprising a single reentry 
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wheel with reversing buckets cut in the shrouds of the ahead blades. The complete 
turbine and gear, including maneuvering valve, weighs 4,100 pounds for a 600-horse- 
power outfit. The steam consumption with 330 pounds steam pressure and 27-inch 
vacuum is 14.9 pounds per shaft horse-power hour at 600 horse-power by actual 
test. The reversing element is effective. On actual trial the boat was brought 
stationary in the water in its own length from full speed ahead. 

Concerning steam turbine details that differ from land practice because of 
their application to ships, there are the following— 


GOVERNING ARRANGEMENTS. 


With the old reciprocating engines, racing in heavy weather was always to be 
reckoned with. While governing arrangements were sometimes furnished by the 
builder, they usually passed most of their existence in a store-room locker. While 
the reciprocator may accelerate rapidly, it may generally run at proportionately 
higher relative speeds than the turbine without injury. 

With the direct-connected turbine, governors used always to be fitted, but were 
subsequently found to be of no particular value because the small diameter high- 
speed propellers always being given the maximum submergence seldom came out of 
water with the vessel pitching. WJéith the geared turbine the propeller dimensions 
revert to that of the reciprocating engine, and while because of its inertia the tur- 
bine and gear may accelerate less rapidly than the reciprocator, very material in- 
creased speeds would be destructive. Therefore, a very dependable regulating 
mechanism is desirable which must at least have some semblance of being able to 
regulate and must not be a mere stop governor which on the speed reaching a pre- 
determined limit will slam shut an automatic valve. Arrangement of governing em- 
ployed by the Westinghouse Company is exhibited in Figs. 27 and 28, Plates 54 
and 55. 

The governor is of the ordinary fly ball type, the weights being carried on 
knife edges, and all working parts arranged to be under forced lubrication. The 
governor controls the valve shown in Fig. 28 by means of the steam relay, so that 
the connection between the turbine and the governor valves is merely a pipe, thus 
eliminating the necessity of connecting links, levers, etc. The relay may be moved 
by hand at any time by depressing the small spring that is above it. In this 
manner assurance may be obtained at any time without interfering with the opera- 
tion of the vessel that the governor control valve stands ready to control should 
the governor weights, with a rise in speed, go to their outer position. With cross 
compound units both high and low-pressure elements are provided with a gover- 
nor, each capable of controlling the valve, that is, either governor may reduce the 
flow to the turbine; or, in other words, whichever governor is running fastest will 
control the steam. It is usual to adjust the governor springs so that they will regu- 
late at 10 per cent above normal speed. 

Concerning the governor valve, it is of the poppet valve type and actuated by 
the two pistons above and below in conjunction with the spring. Both pistons have 
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full steam pressure at all times on their inner sides. The outer side of the upper 
one is open to the atmosphere. The lower side of the lower piston receives high- 
pressure steam through a needle valve. The lower side of the piston is also con- 
nected with the relay adjacent to the governor which will control the pressure un- 
der this piston, and hence the position of the valve. 

While the regulating characteristics of this apparatus would hardly meet the 
rigid requirements for turbines driving dynamos, it is simple and regulates with 
more than sufficient accuracy for the purpose. 


MANEUVERING VALVES. 


An important detail, at least important to the watch engineer, is the maneu- 
vering valve. Many shipbuilders—for economy, we presume—are content to merely 
furnish two throttle valves, one for ahead and the other for astern, with the possi- 
bility of admitting steam to both the ahead and astern elements at one and the same 
time. It has been the practice of the Westinghouse Company to furnish a maneu- 
vering valve operated by a single hand wheel. Motion in one direction gives steam 
to the ahead, and in the other direction to the astern elements. The design of this 
valve is as shown in Fig. 29, Plate 56. An important feature is that the valves them- 
selves are single disc, balanced valves, so that there is but a single ground seat for 
each valve which may easily be maintained bottle tight. They are balanced by the 
piston above, rendering their operation easy. With this valve mechanism the tur- 
bines are easily brought from full speed ahead to full turbine revolutions astern in 
twenty seconds, or vice versa. 

In all cases the maneuvering valve is arranged so that it is always employed no 
matter what may be the valve arrangements or what the method of operation; that 
is, whether both turbines are operating, or only one of them in case of disablement, 
as shown in Fig. 5. 


TURBINE GLANDS. 


Most builders of marine turbines have employed a labyrinth type of packing 
for the turbine glands; some of them a combination of this with spring packing 
rings of one kind or another. There is no pretense of these glands being steam 
tight. To prevent ingress of air, which would interfere with the condenser perform- 
ance, they are provided with a steam connection for admitting high-pressure steam 
for sealing so that there shall be a leakage of steam, which will do no harm, rather 
than one of air. It is found in practice that to absolutely preclude any air leak- 
age there must be a superabundance of steam admitted which will blow, in consid- 
erable volumes, into the engine-room. A turbine gland used to be regarded as one 
of the difficult problems of design detail until in 1903 the Westinghouse Company 
devised what is known as the water gland. It merely comprises a centrifugal pump 
runner operating in a casing which, if furnished with water at the axis, would 
raise that water to some 10 pounds higher pressure than the maximum pressure 
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against which the gland is designed to pack. In service its periphery is furnished 
with water at some 5 pounds greater pressure than the maximum pressure at which 
the gland is to pack, thus providing a water annulus at the outer part of the gland, - 
forming a hermetic seal which is very effective. For condensing turbines a water 
pressure of 5 pounds gauge at the periphery of the gland is satisfactory. This sim- 
ple device rendered an exceedingly difficult detail one that could be forgotten, and 
obviously has its application to marine installations. 

The design of this gland as applied to marine installations is shown in Fig. 30, 
Plate 57, in which there is a combination of the water gland above described for 
use when operating at anything above half speed, and combined therewith is a sim- 
ple steam labyrinth for use when running at speeds below one-half or when stand- 
ing by. This labyrinth is embryotic as compared with labyrinth glands as generally 
understood, and no attempt is made to have it particularly steam tight because of 
its being used only when maneuvering or standing by. 

A reliable method of furnishing water at the proper pressure to the glands is 
important and easily arranged for in land installations by pumping all or a por- 
tion of the condensate to an overflow at the required elevation, or providing a tank 
with a float valve at this location. 

For merchant ships there is usually head room enough and the condensate is 
usually elevated a sufficient height above the machinery to furnish the required 
pressure as shown in Fig. 31, Plate 58, and the system is quite automatic, requir- 
ing no adjustment. 

On vessels where no head room is available, it is customary, as shown in Fig. 
32, Plate 59, to provide for taking a small quantity of water from the feed line in 
which an orifice is provided, which will pass but little more than that required for 
the sealing of the glands. This water is carried to the gland system and there is 
provided a relief valve, by-passing the water not required back to the feed tank, 
thus maintaining the proper water pressure on the gland system. 

The gland casings may be removed for cleaning or inspection without other- 
wise dismantling the turbine. 

With this combined labyrinth and water gland, provision must be made to turn 
sealing steam on and gland water off to the gland when reducing to below half 
speed, and similarly to turn the steam off and the water on when accelerating above 
this speed. For merchant ships it is entirely satisfactory to provide two valves, 
one for the water, the other for the steam, located adjacent to the maneuvering valve, 
which may be readily manipulated by the man handling the valve. With war ships, 
however, which require to maneuver more frequently, an automatic valve may be 
provided, operated in conjunction with the turbine governor shown in Fig. 27, Plate 
54. The turbine governor is provided with two springs and its travel is divided 
into two zones. The inner travel of the governor weights is opposed by the light 
spring only, the governor weights being able to compress this spring at the speed at 
which the gland should change over from steam sealed to water sealed. The 
heavy spring comes into engagement at this speed, but the governor weights are 


78 PROGRESS IN TURBINE SHIP PROPULSION. 


unable to compress the two springs together until the turbine reaches the speed 
corresponding to which the governor should regulate the steam supply to the turbine. 

Motion of the governor through the first part of its travel will, by means of the 
relay which it operates, either relieve or impose pressure in the chamber “X” of the 
gland control valve, Fig. 33, Plate 60, causing motion of the valve to either apply 
water or steam, or vice versa. according to whether the turbine is accelerating or 
retarding. 


COUPLINGS. 


An important detail is the turbine coupling. To permit free motion of the float- 
ing pinion frame there is a flexible shaft provided between the turbine and pinion 
which provides the necessary element of flexibility. The turbine and gear must be 
capable of axial motion relative to one another. A coupling of the type shown in 
Fig. 34, Plate 61, is employed. Means are provided for disassembling either tur- 
bine or gear without reference to the other, and proper provision is made for lu- 
bricating the driving pins. 

ELECTRIC DRIVE. 


There is much difference of opinion concerning the relative merits of gear and 
electric motor drive. Discussion of this important matter is refrained from here in 
view of certain battleship installations now being carried out. Unquestionably these 
installations will be entirely successful, and will fulfill all expectations, but whether 
the added complication, increased cost and weight of machinery, together with in- 
creased steam consumption per propeller horse-power, is warranted, can be shown 
only by the development of the future. 

One system of electric motor drive suitable for the merchant marine has been 
proposed which has promise of economy greater than that hitherto attained. The 
proposition is to provide a number of relatively small Diesel engines whose cylin- 
ders shall not exceed a diameter of, say, 10 inches, or within the limits where abso- 
lute reliability may be expected. These would be coupled to dynamos which in turn 
would operate a motor driving the propeller. The locations of the engines may be 
where desired without reference to the propelling motor. 


DISCUSSION. 


Tue PRESIDENT :—This paper, No. 4, entitled “Notes on Progress in Turbine Ship Pro- 
pulsion,” is now before you for discussion. We will be very glad to hear from any gentle- 
men. It does seem as though the turbine question, and the difficulties that have come 
out of the turbine question through various causes, should afford an ample source of discus- 
sion of this paper, if for nothing else than for information. Is there any discussion? If not, 
have you anything further to add, Mr. Hodgkinson? 
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Mr. Francis HopcKkinson :—No, thank you, Mr. President, except to thank the Society 
for their kind reception of this paper. 


Rear ADMIRAL WASHINGTON L. Capps, Vice-President:—I think it should be under- 
stood that written communications will be in order later on, because some of the papers this 
year were subject to the disadvantage of not having been printed until the very last mo- 
ment. The printer came to my office in Washington the other day and told me that, al- 
though all the papers were printed, he could not get them shipped by express, as the express 
company required an order from the War Industries Board. That indicates the added diffi- 
culty this year. These papers, it would seem, therefore, should be subject to written discus- 
sion after the meeting. 


THE PRESIDENT :—Written communications will, of course, be welcome on all the papers 
presented at this meeting and may be sent in after the meeting. Mr. Emmet, would you like 
to say something on the subject ? 


Mr. WitiiamM L. R. Emmet, Member of Council:—There are one or two things in the 
paper that I wish to comment on. There is one interesting subject which suggests itself be- 
cause of Mr. Hodgkinson’s paper, and that is the question of superheat. I am making some 
experiments now which I think ought to be interesting, and if I get successful and useful 
results, I will probably report them later to this Society. 

The idea is this—that in geared ship installations the steam enters the turbine in one 
direction, and when the ship reverses it has to go through a turbine which is operated in the 
opposite direction. We may imagine a ship is backing and the head turbine is going at a 
high speed in a certain direction. Steam is admitted to it to go in the other direction, and 
the turbine may continue to turn in the wrong direction for the steam going through it. 
Theory would indicate the production of very high temperatures under such conditions, and 
certain evidences which have developed have shown the existence of such high temperatures, 
which is an argument against the use of superheat in geared turbines. I think many of the 
troubles with modern turbines generally have been incident to the act of reversing. This 
revulsion of temperature, which occurs on highly developed surfaces, tends to produce strains 
in the various parts of turbines, tends to enlarge the engagement of the wheels on shaft 
and to introduce strains. 

In the experiment referred to I am using a marine turbine arranged so that it can be 
run in two directions, the steam being applied in either direction. 

I am putting pyrometers in the steam passages which will record instantly the tempera- 
tures produced in the act of reversing, and other conditions. 

This matter is important, because it has a bearing on the relation of electric drive to gear 
drive, that is, in the electric drive we have one direction of rotation and can use superheat 
with impunity, whereas in the gear drive the use of superheat may not be so useful. The 
ship Mjolner, a ship of only 1,000 horse-power, used 300 degrees of superheat, and showed 
for a succession of voyages a performance of 38 per cent less fuel consumption than engine- 
driven sister ships running in the same service. That is mainly due to the use of superheat, 
and if such improvement is possible, we simply must have it. 

: There is another point I want to mention in connection with this paper. I am not going 
to enter into a discussion of the very difficult and complicated subject of different types of 
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gears, but I wish to mention that I read a paper before this Society two or three years ago 
on the Alquist type of gearing, and we have put on the sea a great number of ships contain- 
ing that type of gearing. We have had an unconscionable amount of trouble with them, so 
much so that there is a general state of very serious alarm as to the matter. 

However, there is always a reason for everything in engineering; the thing to do is to 
look for the reason, and that is what we are endeavoring to do. In this connection, there 
are some interesting effects of the relation of gear pressures, and in Mr. Hodgkinson’s paper 
there is a curve showing the legitimate tooth pressures and pinion diameters. I will 
not take up much time with that. The point I have in mind is this—we have run these 
Alquist gears for some time. We have one particular case in Schenectady of a laminated 
gear which we have run for 1,500 hours at a pressure considerably more than double that 
shown by the diagram in Mr. Hodgkinson’s paper, for such a pinion diameter, without the 
formation of a single pit, burr or abrasion of any kind, absolutely perfect glassy engagement 
of the tooth surfaces, showing that if you can make a thing like that and take some means 
by which the pressure will be equally distributed and divided, you get the result. 

This Macalpine gear, of course, does that to a very great extent, and its records, I 
believe, are very good, as shown by Mr. Hodgkinson’s paper, and also judging from what 
I have heard in various ways. What I have been engaged upon is another way of doing 
the same thing and, when it is properly applied, it works. The reason why it probably has 
not worked in many cases of service—although it has worked very well in some particular 
instances—is that it is an elastic thing, and elastic things are always liable to be subject to 
periodic action; that is, a thing which tends to run by a succession of bounces, in some way, 
due to oscillations, causes terrible strains. We have evidence of such action, and it is prob- 
ably the secret of the trouble which has occurred with this type of gearing. 

There are ways of restraining such movements, and these are being applied. We know 
that very heavy duty has been and is being done with such gears, and I simply want, as 
far as the present situation goes, for everybody to be patient and seek the reason for the 
troubles encountered. 

When any troubles occur in connection with machinery, the last thing to do is to start 
over again. What you must do, if you have trouble with machinery, is to seek the reason. 
In Mr. Hodgkinson’s list there is only one ship which shows more than 125,000 miles of 
service, but we had many ships with an equal distance to their credit before we ever knew 
that we were in trouble. We have a much larger number of ships on’the ocean with our 
equipment, and they have been on the ocean a much longer period and were on the ocean 
long before the ships with the other classes of equipment began to appear in any large num- 
bers. We have been turning out generators for four years driven by this type of gearing, 
and in a large number of cases the pressures were very heavy. We havea 100 per cent record. 
We never have made a renewal and never have had a broken tooth, which is a significant fact. 

I am taking up your time with something a little apart from Mr. Hodgkinson’s paper, 
because there is a very serious situation confronting the country, maybe due to the fact of 
the failure of these gears for which I have been responsible, and I want to say that the story 
is not all told. Some of them are working, and I think they are all going to work. I am 
not certain of it, but I think so. 


Tue Presiwent:—Mr. Riley, will you add something to the discussion, founded on 


your recent experience ? 
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Mr. R. Sanrorp Ritey, Member:—Our president has called on me, no doubt, because of 
my position in charge of what may be called the “Trouble Department” of the Emergency 
Fleet Corporation. I might say that business is good in that line. (Applause.) 

I appreciated very much the way Mr. Emmet spoke of the need of our study of the 
causes of troubles—that is what we are applying ourselves to, for with any new art you 
must expect a great many troubles—the art would not be worth anything if you did not en- 
counter difficulties. You would not have an art of gearing unless you had something to 
overcome in its development. 

We find that a great deal of our trouble lies in the lack of knowledge of those who are 
operating the machinery, particularly in regard to lubrication. The man who has been trained 
to lubricate an engine running up to 80 revolutions a minute has had a very poor training for 
lubricating something that runs up to between 3,000 and 4,000 revolutions a minute. It is 
a different matter; he has no warning whatever. Instead of the gradual heating up of a 
bearing, which he can test and feel with his finger and look at the kind of oil that is coming 
away, he is in the case of the turbine and gears dealing with something which will give 
scarcely any warning and which goes up in a flash, with a possibility of much damage 
resulting. 

We have devoted ourselves to the oiling systems, and we have tried to educate the men 
who are operating the machinery to the need of an abundant supply of clean, cool oil. I 
notice, by the way, in Mr. Hodgkinson’s diagram of the oiling devices that he omitted to 
mention one of the things we think is necessary—possibly he omitted it as being simply 
incidental—and that is the drain from the water side of the oil cooler. You will realize 
that, in the lubricating system such as is used in the reduction gearing, there is only one 
place where the oil and water come in close contact, and that is in the oil cooler where you 
have the oil separated from the water only by the cooler tubes and the heads. I suppose 
there is no such thing as a permanently tight oil cooler or any other device of that kind. 
In time they leak, due to the failure of the packing around the tubes, or possibly the failure 
of the tubes, so we are advocating strongly the provision of a drain from the water side. 
That serves two purposes. In the first place, in port it allows the draining away of the water 
so that the corrosion due to the presence of salt water at relatively high temperature does 
not cause trouble with the tubes, and it also gives an effective means of testing the appara- 
tus to discover whether there is a leak of oil. 

One thing we insist on, under operating conditions, is that the pressure of the oil—that 
is, the head of the oil in the oil cooler—must be higher than the head of the water on the water 
side. You will realize the need of that, of course. In case of a leak you have oil flowing 
into water, and not water flowing into the oil; it is a bad thing to lose oil, but a much 
worse thing to gain salt water. We have had cases of engineers, where the latter situation 
has existed, who had their oil level come up for some mysterious reason, and presumably 
they took it as a gift from the gods and allowed it to continue until something happened. 

There are other things in connection with turbine gears. We now and then run across 
engineers who regard the collection of gears in this casing as the captain regards his chronom- 
eter—something which must not be monkeyed with. We are trying to get the engineers to 
take off the covers and become familiar with what there is on the inside. 

I do not think of anything else of special interest applying to the paper, but I am glad 
to have an opportunity to speak of the need of education of engineers who have charge of 
these reduction gears. 
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Mr. Howarp C. Hicerns, Member of Cowncil:—The author makes a statement regard- 
ing the feed water heating which is misleading. He says: “With the advent of turbine-driven 
auxiliaries and electrically operated winches, etc., the auxiliary exhaust may be uncontaminated 
with oil, permitting the employment of an open heater for shipboard use, and a more com- 
plete separation of air from the feed water,” and refers to this open heater as being similar 
to the jet condenser. I think heaters of that kind, the jet condenser style, were in use in 
marine practice before the tube heater which we now use. The Weir heater is an open 
heater; the steam comes in contact with the feed water. He says further, with regard to 
the economy of the open heater, that there is no advance in economy in operation beyond 
the economy secured by the use of the closed heater. That is probably true, but you save 
money in the cost of the heater, and it necessitates no pump. He further says:—‘“‘Such a 
type of feed heater eliminates need of a separate feed tank and must be located some feet 
above the feed pumps to preclude the latter being vapor bound because of pumping water 
near the temperature of evaporation.” Of course we can appreciate that some feet may 
be considered a few feet. The Weir heater is located about 20 feet above the pump, which 
necessitates additional piping and additional expense. The open heater may not give as 
much temperature, in some cases, as the closed heater. The greatest temperature I have 
ever seen on an open heater is about 220 degrees, while 240 degrees can be obtained with 
a closed heater used with the exhaust steam on board ship. You can also obtain within 
about 12 or 15 degrees the temperature of the feed water of the actual temperature in the 
steam, which is not a great loss to pay for the advantages of the closed heater. 


THE PRESIDENT :—Professor Sadler, have you anything to say? 


ProFEssor HERBERT C. SADLER, Member of Council:—I regret, Mr. President, I have 
not had an opportunity of reading the paper. It just came into my hands this morning, and 
I would like to have permission to communicate some comments on the paper later. 

I would like, however, to draw attention to one fact, and that is that we are facing 
somewhat of a serious situation in connection with geared turbines. I think the general 
opinion to-day is that we ought to be a little careful before adopting geared turbines for 
cargo vessels. I for one am always anxious to see advances made in engineering, and I 
have the feeling that we, all of us, have got to do whatever we can to make the geared units 
we have on board our ships a success. They may not be the final solution of the problem, 
but we have taken a step in advance by adopting the geared turbine to a large extent in our 
modern cargo vessels and although we may have had some failures, I sincerely hope that we 
can, and I think we can, find out the cause of these failures. Certainly every one connected 
with this Society should take an interest in this matter and do what he can to make this in- 
stallation a success. 


Mr. N. W. Axrimorr, Visitor:—It would be of great interest to all present to know 
Mr. Emmet’s opinion on the subject of torsional vibration. It is a well-known fact that a 
shaft, bearing on both ends heavy objects, such as, say, a propeller on one end and a large 
reduction gear on the other, will possess a rather low period of torsional oscillation, the am- 
plitude of which may be quite considerable. I remember in my own experience in a high 
grade motor car, built in this country, it had a seven-bearing shaft and had all the parts bal- 
anced, and yet there was a tremendous vibration, which apparently came from the priming 


PROGRESS IN TURBINE SHIP PROPULSION. 83 


gears. Nothing could remedy that until a Lanchester damper was put on, about 5%4 or 6 
inches in diameter, after which all the trouble immediately disappeared. 

The trouble in that case was apparently due to the fact that it was a seven-bearing and 
not a three-bearing shaft, because in a three-bearing shaft the torsional vibrations would 
be of a higher period and would not interfere. In the seven-bearing shaft the period is low, 
being about 1,400 revolutions, and it was immediately and entirely chocked by the Lan- 
chester damper. 

I would like to know what has been done so far to ascertain that the failure of the geared 
drive is not due to this torsional vibration. Should this actually be the fact, the natural 
remedy would probably be in applying some frictional device similar to the Lanchester dam- 
per in practically the same way as described above. Of course a great deal of vibration may 
be due to sloppy balance. It then can be remedied only by careful balancing, but in re- 
gard to torsional vibrations it is of importance, first, to establish their presence, numerically, 
and then to take them out. Can Mr. Emmet give us any information on that subject? 


Mr. Em'mer:—In reply to Mr. Akimoff’s question, I cannot say whether torsional vi- 
brations of shafts do or do not play a part in these gearing difficulties. Very marked dif- 
ferences have been observed between conditions in ships in which the machinery is for- 
ward and those in which the machinery is near to the propellers. With gears of the Alquist 
type in which the engagement between gear and pinion is a flexible, or, so to speak, an elas- 
tically compressible one, it would seem possible that torsional vibration might be a contribut- 
ing factor which has not yet been considered or observed. If such torsional vibration was 
discovered in propeller shafts connected to Alquist gearing, a cure might be somewhat incon- 
venient, but I feel sure that it would be possible. 


Mr. Ernest H. B. ANDERson, Member (Communicated) :—This paper is of special 
interest to the members of the Society, largely for the reason that this form of ship propul- 
sion is at the present time receiving a great deal of criticism owing to breakdowns, most of 
which have taken place in the gearing, rather than with the turbines. 

A feature of the paper appears to show that geared turbine marine installations can only 
be a success provided that gears are built having a patented device which is manufactured 
solely by the company with whom the author is associated. 

The author refers particularly to Sir Charles A. Parsons exploiting a design of gear 
in 1910 which has rigid bearings, and it may be of interest to add that this so-called exploit 
is to-day the pioneer mechanical reduction gear installation for a very large fleet of vessels 
consisting of freighters, passenger vessels, transatlantic liners, cross channel craft, and for 
every type of war vessel afloat. 

On the other hand, no marine development of geared turbine installations took place in 
this country until 1915. In the summer of this year (1915) the U. S. T. B. D. Wadsworth 
completed official trials and was placed in commission. This vessel was built and engined 
by Bath Iron Works, Ltd., of Bath, Maine, and the ship now stands first in the Navy as 
regards economy of fuel for propelling purposes, reliability in service and saving of ma- 
chinery weights. 

Further, it was this vessel that led the first flotilla of American destroyers that crossed 
the Atlantic in May, 1917. 

Plate 31 shows curves, giving particulars of gear tooth pressures in relation to pinion di- 
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ameter. Dealing with the curve for floating frame gears, it is of interest to note that the 
author does not give particulars of any installations having pinions greater than 11 inches 
diameter. Further, it seems to me that the point representing a “22,000 S. H. P. gear’ is 
hardly correct, my first impressions being that this S. H. P. was delivered by one pinion, 
whereas calculations show pretty conclusively that this large power was delivered by four 
pinions. 

Further, I hope the author will perhaps see his way to give tooth-pressure loads for gears 
having pinions greater than 11 inches diameter, or state definitely that the extension of the 
curve up to 20 inches diameter represents estimated figures rather than actual results. 

The curves of rigid bearing gears are of special interest, but it is somewhat unfortu- 
nate that the author does not definitely state just whose practice they represent, because you 
immediately get the impression that the curves are directly comparable in every way. If 
the author tabulated the data from which he made those curves, then I wish to state that he 
did and does fully realize that these curves cannot be compared on an equal basis with his 
curve. 

On the other hand, if these curves were given to him by correspondents abroad, then I 
am equally positive that they were never intended to be used for the purpose of exploitation. 

Mr. Macalpine in a recent paper stated that all gears built with the floating frame had 
teeth cut with 30 degrees helical angle, and I believe the circular pitch is about 0.90 inch, 
whereas most of the British gears have been cut with about 45 degrees helical angle and cir- 
cular pitch about 0.78 inch. 

Any such gear having 45 degrees helical angle cannot be compared on an equal basis 
with one having 30 degrees, and to make the matter clearer I quote Mr. McAlpine’s own 
words :—* 

“Tn floating frame gears a helical angle of 30 degrees has always been used. This 
brings ‘sufficient teeth into contact at one time to secure smooth and quiet running, and gives 
ample longitudinal forces to determine the position of the pinion. In rigid gears this angle 
is frequently made 45 degrees, no doubt to make these gears more quiet, but this sacrifices 
much strength of teeth.” 

Further, I believe the curves of rigid bearings are made from actual gears with pinions 
of all sizes up to 20 inches diameter and above, many of which have been successfully at 
work for five years, and any designer can use these figures with absolute safety provided 
that the pinion materials are of the proper quality. The curves for “floating frame” 
pinions should be used with the utmost caution for any sizes larger than 11 inches di- 
ameter. 

The seven notes, A to G, covering the breakdowns to geared turbine installations, are 
specially worthy of attention, and the evidence tends to show that the maximum limit of 
tooth pressures is about reached, especially with the present grade of materials which can be 
obtained. 

The necessity of having to consider using a separate oil for the gear sprays will also 
tend to make designers reduce tooth pressure loads. 

The use of very high steam pressures and high degrees of superheat, in excess of 300 
pounds and 100° superheat, will continue to present many difficulties until reliable steel 
castings can be freely obtained in the open market. 


*Published by the Engineers’ Society of Western Pennsylvania, in paper entitled “The Design and Progress 
of the Floating Frame Reduction Gear.” 
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The author’s paragraph dealing with maneuvering valves is interesting, for he tends to 
show it is a special advantage to have the turbines operated automatically rather than by brain 
control. 

Personally, I strongly favor having separate valves for ahead and astern turbines, for 
it gives the operator a little more to do and makes him fix his attention on the work in hand. 

The piping diagram ( Plate 32), tomy mind, is somewhat complicated, and I do not at all 
like the idea of having the shut-off valves in each pipe line, either for the high-pressure pipes 
or the exhaust steam lines. These valves, fitted as shown, are solely for emergency con- 
ditions, and unless they are kept in working order they are generally found useless when the 
unusual occasion arises. 

In conclusion, it is of special interest and significance to note that the reliability of the 
rigid bearing type of turbine-driven mechanical reduction gearing has been firmly estab- 
lished. Sir Charles A. Parsons and his associates have already placed in successful operation 
over 7,000,000 horse-power of gears built in this manner. 


Mr. Hopexinson :—Replying to Mr. Emmet, I do not know of any troubles that have 
been experienced with well-designed turbines, due to them being provided with reversing 
elements, although there are instances of injury due to operating astern for long periods 
with low vacuum, when, of course, serious heat is generated in the ahead elements. 

Neither have I observed, in the case of floating frame gears, with which I am most 
familiar, the slightest difference, so far as behavior of the machinery is concerned, whether 
the machinery be installed aft or amidships. I know of one tanker with machinery aft whose 
stern tube became injured, the shaft wearing down a total of 17% inches through the wood 
and bronze and into the cast iron shell of the tube itself, the effect of which was to cause 
no disturbance whatsoever to the operation of the gear. 

Concerning the use of superheat, the modern high-speed geared turbine, as pointed out 
in the paper, is far more sensible of operating with high superheat than was the older direct- 
connected drive. What is the limiting temperature with a view to both economy and re- 
liability will, I think, be largely determined by personal judgment. The desirable amount 
of superheat is not necessarily less for high-speed geared turbines than for those employed 
for the electric drive. ; 

Mr. Emmet refers to the S. S. Mjolner, wherein with 300 degrees superheat, 38 per 
cent gain in fuel consumption was observed over her sister ship, without saying anything 
about the machinery of the sister ship. Of course the whole of the 38 per cent was not 
because of superheat ; there were other reasons. The S. S. Maui, for example, with but 50 
degrees superheat, secured a gain of 22.8 per cent over her sister ship, her sister being a 
single-screw, triple-expansion reciprocator; the Maui a twin-screw steamer, each shaft 
driven by cross-compound geared turbines. 

I am appreciative of Mr. Sanford Riley’s remarks, and in the course of our 
work in marine installations we are indebted to both Mr. Riley and other engineers of the 
Technical Staff of the Fleet Corporation for their timely suggestions and co-operation. Mr. 
Riley refers to unavoidable leaks in coolers. There is indeed always the danger of a split 
tube which may admit salt water to the oil, or loss of lubricant, according to whichever ele- 
ment is at the higher pressure. I do not think tube packings, as ordinarily understood, should 
be employed. The tube should be rolled into the tube plates and proper means provided 
for expansion, as may readily be done. 
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I do not quite follow Mr. Higgins’ thought in saying that should an open feed-water 
heater be employed there must be an additional pump. In either case there must be a pump 
to remove the condensate from the condenser. This can as easily deliver the water to the 
overhead open heater as to the feed tank, wherever it may be placed, in addition to which 
there must be the boiler feed pumps, none other in either case being necessary. The open- 
type feed-water heater is, of course, on the suction side of the feed pumps, and must, for 
the reasons stated, be elevated above the feed pumps. 

Concerning the relative feed-water temperatures that may be obtained with the two types 
of heaters, this is determined entirely by the quantity and the pressure of auxiliary exhaust 
steam, which latter may be just as high in one case as in the other, with an advantage in 
favor of the open type of heater, by reason of the intimate mixing of steam and water and 
no dependence having to be placed upon the rate of conductivity through walls of tubes. 

It is important to exclude oxygen, as far as possible, from the system in order to avoid 
corrosion. This plainly may be more completely carried out in the open type of heater by 
reason of the feed water being very close to the temperature of evaporation. With the open 
heater the pressure may be 5 pounds gauge and the water at 225° F., for example, and is 
within 3 degrees of evaporating, while with the closed heater the pressure of the water might 
be 300 degrees when at the same temperature it would be 200 degrees away from evapo- 
rating, under which conditions but little of the suspended air would be expelled. 

Referring to Mr. Akimoff’s remarks, it is not apparent what effect the number of bearings 
could have on the torsional vibration except perhaps one of slight dampening. In the case 
of the geared turbine the torque is so uniform that any variation therefrom would be of 
such high periodicity that any response from the torsional elasticity of the shaft would hardly 
be expected. Errors of balance, while productive of transverse vibrations, would not seem 
to be productive of torsional vibration. There is always the possibility of torsional vibration, 
the result of action of the propeller, but I have observed no gear trouble that I have sus- 
pected as originating from this source. 

Replying to Mr. E. H. B. Anderson, I would state that he entirely misconstrues the 
paper if he concludes its purpose is to show that success is only to be secured with gears in- 
volving a patented device which is therein described. This is quite absurd, for rigid gearing has 
been successfully operated for centuries, and no advocate of the floating frame type of gear has 
ever suggested that any gears without this patented device could not be a success. The paper 
does, however, endeavor to point out that pinions of floating frame gears may be safely sub- 
jected to higher loads than those in fixed bearing gears when deflections and misalignments 
incidental to frail hulls must be contended with. 

I think there can be no doubt but that the present great expansion in the adoption of 
high-speed gearing, whether for shipboard or land use, was pioneered by Melville and Mac- 
alpine. Their first large reduction gear was tested in 1909, the patents having been applied 
for in 1907. The results of their work was published quite generally and was common 
knowledge both in Europe and the United States of America at the time of the Vespasian in 
1910. Sir Charles A. Parsons had experimented with gearing previous to this, but we learn 
from the Transactions of the Institute of Engineers and Shipbuilders in Scotland, vol. 44, 
page 216, that he had given up hope of success. 

The curve of tooth pressures employed for floating frame gears, given in the paper, ex- 
presses a law which we believe to be quite well established, and I see no reason why it is 
not entirely comparable with the data which forms the curve for rigid bearing gears. The 
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dimension of fixed bearing gears forming the basis of the other curves are quite authentic, 
the data having been furnished “by correspondents abroad.’’ Mr. Anderson is in grievous’ 
error if he supposes a breach of confidence has been committed in publishing the curves, all 
of which is, however, a matter of irrelevance. It would have been of interest, and more 
relevant, had he submitted instances, if he knew of them, of fixed bearing gears in service 
which regularly operate with tooth pressures different from those I have given. 

Mr. Anderson is in error in his conclusions concerning the 22,000 horse-power gear. 
The curve is perfectly correct in this respect, the 22,000 horse-power being transmitted by 
two pinions and not by four, as he supposes. 

Answering Mr. Anderson’s question, pinions in excess of 12.3 inches pitch circle di- 
ameter have not yet been constructed. Several have been projected of larger dimensions whose 
diameter referred to tooth pressure would fall substantially on the curve. It was thought 
proper to limit the points of the curve in the paper only to gears that were in actual service. 

Mr. Anderson’s apparent assumption that the Westinghouse Company use practically 
a constant pitch of teeth is erroneous, for in all pinions there are practically a constant num- 
ber of teeth, their pitch varying with the size of pinion. He refers also to the angle of helix 
employed by different manufacturers which vary all the way from 23 degrees to 45 degrees, 
the selection of which is the subject of careful consideration by the designer, who must 
choose an angle to secure maximum strength on the one hand, and a sufficient degree of 
smoothness of operation on the other. As the problem is to obtain the highest safe power per 
revolution per minute from a given diameter of pinion, the curves are quite comparable what- 
ever are the details of the pitch of teeth or angle of helix. 

While it is perhaps improper to discuss events which have occurred since the writing of 
the paper, it is of interest to state that some quite serious difficulties have been encountered 
with some gears being installed in cargo ships by the Westinghouse Company, these troubles 
having developed during manufacture and installation, and not in operation after the vessels 
had been placed in service. They were due, in part, to an unfortunate selection of form of 
involute tooth, and in part because of some execrable workmanship, the result of war-time 
labor conditions with a new factory and organization. Further, the stress to make delivery 
caused thorough shop tests to be foregone, and indeed previous experience with a large num- 
ber of entirely successful gears did not indicate full-power and full-speed tests at all neces- 
sary. The whole point in referring to this matter is to state that these troubles have plainly 
indicated to us that floating frame gears may be designed for a much higher power constant 
than was hitherto thought possible, and there is no doubt that in the near future gears will 
be designed to operate with tooth pressures far in excess of that shown by the curve in the 
paper. 

Mr. Anderson’s supposition that it has been considered desirable to use a separate oil 
for the gear is of course without foundation. The author would certainly regard an instal- 
lation which employed two oil systems as very undesirable. 

I do not follow Mr. Anderson in his remarks concerning maneuvering valves. His pref- 
erence savors to me to be borne of a desire to take the path of least resistance instead of 
designing apparatus to be the most adaptable. Two separate globe valves, one for ahead, 
and the other for astern operation, both of which may be open at the same time with un- 
fortunate results, could hardly seem to bear comparison with a carefully designed maneuver- 
ing valve, having convenience and adaptability in view, and which precludes the above possi- 
bility. His stated reason that the two separate valves gives the operating engineer more to 
do does not seem to be sound, 
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In connection with his comments concerning the piping diagram shown in Plate 32, which 
permits one of the two turbines of the cross-compounds set to be quickly disconnected, the 
ship proceeding on its way with the other turbine, it should not be necessary to explain that 
ordinary gate and globe valves are quite sensible of being found in perfectly good order 
after long periods of desuetude. 


THE PRESIDENT :—A vote of thanks is due to Mr. Hodgkinson for his paper, which 
we appreciate very much. All in favor of such a vote of thanks say ‘“‘Aye”’; contrary- 
minded “No.” The vote of thanks is duly given to Mr. Hodgkinson for the paper. 


Mr. Hopexinson :—I thank you, Mr. President and gentlemen. 


THE PRESIDENT :—We will now take up paper No. 5, entitled “Notes on Launching,” by 
Mr. William Gatewood, Member. 

In the absence of Mr. Gatewood, the paper will be presented in abstract by Mr. Homer 
L. Ferguson. 


Mr. Ferguson, in presenting the paper, said:—‘“I will state that this paper, in essence, 
is the application of crushing strips between the bottom of the vessel and the sliding ways, 
where the heavy pressures come as the bottom of the vessel passes over the outboard end of 
the groundways. 

“The importance of this is illustrated by the launching of a number of heavy ships, 
usually battleships, when deformation of the bottom occurred. That condition has been 
taken care of by fitting shores inside the double bottom, to prevent deformation, this shor- 
ing being carried on to the upper deck. At first it was assumed that the cause of these ex- 
cessive pressures was unevenness of the ways, but later it was found out that excessive pres- 
sure over the end of the groundways was the cause, and not any unevenness in the ways at all, 
and that actually in launching large ships this is a more important feature than the crushing 
of the ship forward due to heavy fore poppet pressures in that it results in distinct damage 
to the vessel. To distribute these pressures, Mr. Gatewood worked up the idea of using 
strips carried practically throughout the length of the launching ways. 

“This plan can be applied not only to large vessels, but it can be used successfully in 
the launching of small vessels; and I think it has another effect, in that it provides consid- 
erable elasticity of the launching ways so that any unevenness in either the ground support 
or groundways is automatically taken care of. 

“We have recently launched a good many destroyers with pressures as low as half a 
ton to the square foot, and the launching has been entirely successful in every particular. 
The ways are provided with light crushing pieces throughout the length, and we think that 
the absolute uniformity of distribution of pressure which has taken place prevents any little 
unevennesses in the groundway from having any particular effect, and has assisted most ma- 
terially in the successful launchings of these vessels. We have launched with lighter pres- 
sures than we have launched with before, and in all kinds of weather, and quite successfully.” 


NOTES ON LAUNCHING 


By WILLIAM GaTEwoop, Esg., MEMBER. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


In connection with the launching of large and heavy vessels, for which launch- 
ing calculations are made, two conditions of the operation usually receive especial 
attention :— 

The pivoting pressure, or reaction on the ways when the stern begins to lift. 

The minimum moment against tipping. 

The calculations as usually made are well known to naval architects, and may 
be found described in the transactions of this and kindred societies, and in text- 
books on naval architecture. The calculations assume that the level of the surface 
of the water is not disturbed by the entrance of the vessel, that the vessel itself 
remains rigid, and that the alignment of the groundways is not disturbed by the 
passage of the vessel. The pressures and moments obtained by the calculations 
must necessarily be approximations only, since the assumed conditions cannot exist 
in the actual launching. It is probable, however, that the results are relatively 
comparable, and that the calculations can be relied on with confidence in making 
the essential preparations for the launching. 


PIVOTING PRESSURE. 


Suitable provision for taking the pivoting pressure on the fore poppets was 
early recognized as essential, because the concentration of pressure received visual 
confirmation at almost every launching. It was recognized, also, that some means 
of distributing this pressure is necessary, as theoretically the pressure is concen- 
trated on the extreme forward end of the sliding way. In the early days, the fore 
poppets were built of timbers on end, but it was soon noticed that this was not a 
good practice, as the compression of end grain wood is quite small compared with 
the compression when the grain is flat. By building up the fore poppets with the 
wood laid flat, an appreciable amount of compression occurs at the forward end 
when the vessel pivots, and the under surface of the sliding way is enabled to 
remain in contact with the upper surface of the groundway over an appreciable 
length, thus distributing the pressure between the two pairs of surfaces. 

As the launching weight of vessels increased and the pivoting pressures 
changed from a few hundred tons to more than two thousand tons, some more 
definite means of distributing this pressure became necessary. The introduction 
in the fore poppets of a considerable depth of soft wood with grain flat seems to 
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have served the purpose in some cases, notably in the launching of the Lusitania 
and Mauretania. A special rotating device or rocker formed as a segment of a 
trunnion has been used successfully, as described in volume 22 of the Transactions 
of this Society. Curving or cambering the forward end of the fore poppet crib- 
bing to introduce a clearance for the adjustment of the bearing surfaces has been 
used, as noted in the discussion on the paper above referred to. Strips of soft 
wood especially proportioned to crush under pressure were used in the fore pop- 
pets of certain vessels launched on the Pacific Coast, as described in volume 12 of 
the Transactions of this Society. 

The use of crushing strips in the fore poppets seems the most simple and the 
most effective method of distributing the pivoting pressure, and the calculations 
to determine the number, size and spacing of the crushing strips are not very 
elaborate. It is desirable, of course, to select for the crushing strips material which 
is uniform in quality; and white pine, flat grain yellow pine, or Port Orford cedar 
would seem suitable, as fairly uniform material can be obtained and the compres- 
sion curves show the proper characteristics. In Plate 62 are shown average com- 
pression curves for flat grain yellow pine and Port Orford cedar. These curves 
indicate that crushing begins at about 650 pounds per square inch for yellow pine 
and at about 750 pounds for Port Orford cedar, for which pressures the compres- 
sion is less than 4 per cent, and that for a compression or crushing of 30 per cent 
the pressures are about 950 pounds per square inch and 1,200 pounds per square 
inch respectively. These curves are based on samples of width equal to or greater 
than their height, and the variation of pressure from the mean at 30 per cent com- 
pression was less than 10 per cent for a large number of samples, when care was 
taken to eliminate resiny and unseasoned yellow pine. Slightly different values 
were obtained when the width was less than the height. 

In order to determine the most suitable arrangement of crushing strips, it is 
necessary to calculate the reactions and the change in grade of the keel or sliding 
ways for several positions after pivoting. In Plate 63 the reactions for a certain 
vessel are plotted in tons, and the angle between the sliding way and the ground- 
way in inches per foot of length on base of distance slid and of length of overlap 
of ways. The curve of minimum mean pressure per foot run is obtained by divid- 
ing the reaction by the length of overlap of the ways, and it is evident that such 
pressures can only be obtained if the whole of the overlap of the ways is in bear- 
ing. They are based on a static launch, and are modified materially when the over- 
lap is approching zero by the launching velocity of the vessel as compared with the 
pitching period of the vessel. 

The height and general construction of the fore poppet will determine what 
depth of crushing strips can be fitted, and the maximum crushing in inches which 
can be counted on will regulate the portion of the overlap of the ways which will 
be in contact. If we call the reaction R, and the angle between the ways expressed 
in inches per foot of length asa , and the maximum crushing at the forward end 
of the fore poppet as C, then the length of overlap in bearing will be C--a, and 
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‘ ; ; R.a 
the mean pressure per foot run on this bearing will be nVeTRA The value of this 


mean pressure is plotted in Plate 63 for two values of C — 3.6 inches and 4.5 inches, 
corresponding to 30 per cent compression on 12 inches and 15 inches depth of 
crushing strips respectively. A convenient method of determining the distribution 
of the crushing strips would be to take the maximum pressure as thus determined 
and lay it off at the after end of the overlap in bearing corresponding to the posi- 
tion of the vessel where this maximum occurs (17.3 feet aft of forward end of 
fore poppet for C—4.5 inches from data on Plate 63), and consider it as the pressure 
at which crushing should just start. At the forward end of the fore poppets lay 
off a pressure at which crushing should just start if, when the crushing corresponds 
to the value of C, the pressure is the same as the pressure laid off at the after end 
of the length in contact. This will be about 70 per cent of the mean pressure if 
flat grain yellow pine is used and 30 per cent compression is allowed in determining 
the value of C. When these two spots are joined by a straight line, we have the 
distribution of pressure at which crushing should just start to give a uniform pres- 
sure over the length of bearing when account is taken of the crushing. 

It will be found that the pressures at which crushing should start for points 
aft of this region may be laid off to advantage the same as the highest point just 
determined, and for a distance aft such that the area of the pressure diagram is 
equal to the pivoting pressure. The diagram will show the distribution of pres- 
sures at pivoting, as a greater pressure at any point would crush the strips, and 
this cannot occur before there has been a change of angle due to pivoting. 

The curve of maximum pressure per foot run can be obtained by laying out 
the distribution of pressure for intermediate positions of the vessel up to the jump 
off the ways, although, as previously mentioned, the excessive pressures on the tip 
of the fore poppets would be experienced under static conditions only. Such a 
curve is indicated in Plate 64. This curve shows a certain amount of crushing at 
points where later there is no crushing or less crushing, and the elasticity of the 
wood will probably enable the crushing strips to partially accommodate themselves 
to this condition, provided the percentage of crushing is not too great. 

The pressures obtained by this method would probably be reduced somewhat 
by the bodily lowering of the vessel due to the crushing, unless the pivoting point 
assumed in the calculations corresponds to the point of no crushing. 

Plate 68 is from a photograph of the fore poppets of a vessel with crushing 
strips arranged somewhat as described in the preceding example. The crushing 
strips seemed to serve their purpose admirably, distributing the reaction over the 
strap supports and distributing the pressures over the standing ways so that no 
trouble at all was experienced from the high pivoting pressures. The same 
arrangement was repeated for a sister vessel with similar success, the material of 
the crushing strips being white pine, which has about the same crushing curve as 
yellow pine. It will be noticed that the crushing strips are in four layers, which 
gives stability to the structure; and there is a further crushing of the division 
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boards where the crushing strips bear, which adds to the adaptability of the design 
to distribute the pressures. 

Further refinements may be made in the calculations, if desired, to obtain full 
advantage of this method of distributing the pressures. On the other hand, the 
crushing strips are able to stand almost any amount of overloading without disin- 
tegrating, and their use cannot fail to help distribute the pressures, even if fitted 
without reference to any calculations at all. 


WAY-END PRESSURE. 


The minimum moment against tipping is primarily the measure of safety 
against the lifting of the fore poppets from the ways and the bodily tipping of the 
vessel backwards as the center of gravity of the vessel passes the end of the ground- 
ways. Many of the smaller vessels have “tipped” in launching because it was con- 
sidered too expensive to extend the ways a suitable distance under water. Usually, 
no damage has resulted from this practice, as the pressures have been compara- 
tively small, and the ways were so supported as to “give” appreciably during the 
tipping. ; 

On larger vessels, however, even with a considerable moment against tipping, 
damage to the floors under the flat of the bottom has resulted, caused by the con- 
centration of pressure over the outboard end of the groundways as the part of the 
vessel which was damaged passed over that spot. This concentration of pressure 
is not indicated directly by the calculations as usually made. Special calculations 
are often made, however, in an endeavor to determine these pressures. In these 
calculations, it is assumed that the vessel and ways do not change shape and that 
the distribution of reaction on the ways can be represented by the ordinates of a 
trapezoid, having a length equal to the overlap of the ways, an area equal to the 
total reaction corresponding to the particular overlap selected, and with the center 
of gravity of the trapezoid at the center of gravity of the reaction. If the center of 
gravity is nearer the end of the groundways than one-third of the overlap, the 
trapezoid becomes a triangle whose base is three times the distance of the center of 
gravity from the end of the groundways, and there is assumed to be no pressure at 
all at the forward end of the fore poppets. This method of determining the pres- 
sures under the bottom of a vessel was used in preparing for the launch of the 
Lusitania, was described in volume 12 and was illustrated in volume 22 of the Trans- 
actions of this Society. 

The method of determining pressures under the bottom, above described, is 
based on an assumption which can hardly be realized in practice. The condition 
which controls would seem to be that the vessel does not remain straight, but yields 
to the bending forces which come into play during the launching. The natural im- 
pression which one gets of a large vessel afloat is that there is no longitudinal bend- 
ing. Both theory and actual measurements, however, show that vessels are flex- 
ible beams, and records of measurements are given in our Transactions. In the 


NOTES ON LAUNCHING. 93 


process of launching, the bending moments are quite pronounced and can be ap- 
proximated with some degree of certainty, although considerably more data must 
be accumulated before they can be calculated with accuracy. Measurements taken 
during launching show the effect of these bending moments on the upper deck, as 
the stringers show considerable stretching during the passage of the vessel down 
the ways. 

The effect of this bending of the vessel is to tend to concentrate the reaction of 
the ways prior to pivoting at two points—the outboard end of the groundways and 
the forward end of the fore poppets. The relative intensity of these two forces 
would vary to suit the center of reaction, and the sum of the two forces would be 
the total reaction on the ways, or land-borne weight. The reaction at the outboard 
end of the groundways would be a maximum before the position of minimum mo- 
ment against tipping is reached, and is equal to 


Wa— By 

ane 
in which Wa is the moment of the weight about the forward end of the fore pop- 
pet; By is the moment of buoyancy about the forward end of the fore poppet; / is 
the overlap of the ways. 

The settling of the ways, compression of the packing, and deformation of the 
bottom of the vessel all tend to distribute this way-end pressure, but it is manifestly 
unlikely, 1f not impossible, that the distribution of pressure can be as indicated by 
the trapezoidal formula. The use of crushing strips in the packing under the bot- 
tom has suggested itself as a means of distributing this bottom pressure, just as it 
has served as a satisfactory means of distributing the pivoting pressure. The cal- 
culations to determine the amount of the crushing strips required are not so sim- 
ple as in the case of the fore poppet strips, but the following method would seem 
applicable. 

From the launching calculations, determine for several positions of the vessel 
the reaction on the ways and the moment of this reaction about a point chosen, say 
10 feet aft of the forward end of the fore poppets. Determine, as indicated in 
Plate 65, the length from the after end of the cradle over which a certain mean pres- 
sure per foot run must be applied to afford a reaction which will have the same 
moment as above described. Obtain similar lengths for other mean pressures, and 
plot the series of curves through the points so obtained (see Plate 66). Note the 
points on these curves at which the reaction at the fore poppet becomes zero, as 
this gives the minimum mean pressure which is practicable. The highest point of 
the curve joining these points of minimum mean pressure gives the maximum mean 
pressure which need be experienced if the crushing strips are suitably arranged. 

If the strips are arranged so that they will just begin to crush at the forward 
end of the bearing thus determined; and if they are arranged at the after end of 
the bearing, over the end of groundways corresponding to this position of the ves- 
sel, so that they will give this pressure per foot run after having crushed sufficient 
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to permit of this length of bearing; the mean pressure per foot run over the whole 
length of bearing may be obtained by arranging the strips in between so that they 
will begin crushing at the proper pressure to give this mean pressure after crush- 
ing to suit the curvature of the vessel in this position. It is assumed in the dia- 
gram on Plate 66 that a straight line variation will prove satisfactory. 

If we assume that the wedging up has adjusted the cradle so that no bending 
will occur to localize the pressures until after the after end of cradle has passed the 
end of groundways, it will be seen that in the after poppets the pressure will be 
not much different from the mean pressure due to the weight of the vessel: In 
that part of the cradle, therefore, the crushing strips can be arranged to give only 
a slight margin over this mean pressure, say about 25 per cent, to allow for irregu- 
larities in the strips. 

The crushing strips can be arranged to give uniformly varying pressures be- 
tween the after end of cradle and the outboard end of the bearing for maximum 
mean pressures (shown uniform in the diagram) without causing the above deter- 
mined maximum mean pressure to be exceeded. Between the inboard end of this 
bearing and the outboard end of the fore poppet bearing, an arrangement of strips 
to give uniform beginning of crushing would seem satisfactory. 

In order to determine with accuracy the maximum pressures over the way- 
end when crushing strips are fitted as above outlined, it will be necessary to calcu- 
late the deflection of the vessel in several positions and plot the pressures corre- 
sponding to the crushing and spacing of the strips, as indicated in Plate 66, to give the 
proper reaction and moment. The curve shown in Plate 66 represents the probable 
maximum pressures which will be experienced if the crushing strips are sufficiently 
thick to actually cause the sliding way to accommodate itself to the groundway. 

In Plate 67 is shown the distribution of crushing strips which corresponds to the 
pressures shown on Plate 66. Four rows of 2-inch by 3-inch strips are shown in the 
fore poppet, one row is shown where the height is limited, and two rows amid- 
ships and aft where there is sufficient height to fit them. 

One further condition needs to be mentioned. Although the crushing strips 
do not exert nearly as much pressure in returning to their original thickness as they 
do in being crushed, the recovery is appreciable, and there will be a considerable 
pressure exerted between the bottom of the vessel and the sliding way outboard of 
the end of the groundway. This pressure may be sufficient to break the sliding way 
if there is an appreciable crushing of the strips, as the sliding way has considerable 
rigidity. The excessive bending moment on the sliding way may be relieved by 
cambering the last few feet of the groundway. 
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DISCUSSION. 


THE PrEswDENT:—This paper, No. 5, entitled “Notes on Launching,” is now before 
you for discussion. 


Mr. E. H. Rice, Member:—The question of launching ships has assumed greater im- 
portance in recent years, due to the increase in the size of ships. The Society is to be con- 
gratulated upon the fact that Mr. Gatewood has given us this interesting paper. 

The question of way-end pressures is one to which the big yards have been forced to 
pay more and more attention, and particularly such yards as are situated here, in the neigh- 
borhood of Philadelphia, where we are, roughly speaking, 100 miles from the ocean. 

We are subjected to considerable variation in height of tide at the time of launching, 
and although we settle the launching date to fit in with a time when high tide is to be ex- 
pected, nevertheless, if the wind is in the wrong quarter, it is possible that the launching 
may have to be postponed. It is not exceptional to have a variation of 4 or 5 tons per square 
foot in. way-end pressure, if you have even a foot less of tide than you expect, which con- 
dition we have found frequently in the launching calculations for battleships in this district. 
Mr. Gatewood’s plan to eliminate elaborate internal shoring is an excellent one and, though 
it will need some experimentation on a small scale before trying out on a large one, I feel 
that the Society and the profession in general are indebted to him for his investigation and 
interesting presentation of the matter. 


THE PRESIDENT :—Does any other gentleman wish to continue the discussion? If not, 
I think a motion for a vote of thanks would be in order. 


Mr. SPENCER Miter, Member of Council:—I so move, Mr. President, that we extend 
a vote of thanks to Mr. Gatewood. 


THE PRESIDENT :—AII in favor of the motion say “Aye”; contrary-minded “No.” The 
motion is unanimously carried. 

We will now proceed to paper No. 6, entitled “Side Launchings of Ships on the Great 
Lakes,”’ by Mr. Frank E. Kirby, Honorary Vice-President, and Mr. Edward Hopkins, Mem- 
ber. In the absence of both of the authors, the paper will be presented by Prof. Herbert C. 
Sadler. 


Professor Sadler presented the paper and, in connection therewith, said :— 

“T might say, Mr. President, that I think it is perhaps familiar to most of the mem- 
bers that the principal danger in a side launching is in giving the longitudinal ways too small 
a declivity. Provided you give a large enough declivity to the ways, there is practically little 
or no danger. 

The reason for that is, of course, when the vessel first lands in the water she has a heel 
towards the water side, shortly after reaching the water, and when she picks up buoyancy, 
she tends to roll back towards the dock, and the danger is in her bilge catching on the edge 
of the dock before the vessel is bodily clear. I have seen numerous launchings, big 600-foot 
vessels, and as a rule there is very little, or practically no danger experienced in the launching. 


Ail, 
TNE 


SIDE LAUNCHING OF SHIPS ON THE GREAT LAKES. 


By Frank E. Kirsy, Esg., Honorary VICE-PRESIDENT, AND Epwarp Hopxtns, Esg., MEMBER. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


With the advent of iron and steel ciipbuiding on the Great Lakes, together with 
the fact that the location of most of the yards was not advantageous for end launch- 
ing, though occasionally small vessels are launched endwise, side launching was 
adopted and has continued to the present day. It is receiving consideration and has 
been adopted in some new yards that have been established outside of the lake 
district. 

The preparation of the ground for building ships that are to be side launched is 
much the same as for ships built for end launching, with the exception that the ship 
is on a level keel when building. This is considered by lake shipbuilders as a great 
advantage, not only for general accessibility, the saving of scaffolding, and block- 
ing, but everything is plumb from the keel, which being level, no rake has to be con- 
sidered. 

As most of the ships are built on permanent berths, and as these berths run 
from 80 to 100 feet in width, this, with the inclination of the ways, usually from 
1% inches to 1¥ inches to the foot, assures a height of keel blocking from 4 to 5 
feet, which gives good working room under the ship’s bottom. 

There are no extensive launching calculations required for side launching. The 
accompanying plates illustrate how uniformly the ship is borne at all periods, and the 
time from the releasing of the vessel until afloat is so short that no undue stress is 
placed upon the structure. Of course the necessary calculations for stability after 
launching are determined, no matter what method is adopted. 

Side launching is especially adapted for repair yards where the graving dry 
docks are used for launching slips, as illustrated in the plan of the Toledo yards. 
(Plate 69.) 

The methods used and arrangement of the building berths for side launching 
are, for all practical purposes, the same in all lake shipyards. The methods and 
arrangements used by the Toledo Shipbuilding Company are taken for illustrating 
this description, excepting that the cross-section of the building berth is of one that 
has reinforced concrete groundways and shoring stringers, this being the only one 
of the type in use by this company. The other berths used are of the usual type, with 
piling and timber shoring stringers and supports for the groundways, which are 
usually of oak or fir. They are placed between the keel blocks about 10 foot centers, 
extending from the inside bilge to the water’s edge. 

On the concrete groundways illustrated, the lower half is covered with oak 
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flitch 6 inches thick, forming the groundway. The upper half is of the usual size 
timber launching way and is hinged about the center of the berth, so that it can be 
dropped down until needed for launching, giving free access to the space below the 
ship’s bottom. 

The arrangement of the ways and launching tables illustrated are for a ship of 
3,500 tons deadweight, of the type now building by this company for the Emer- 
gency Fleet Corporation. The dimensions of the ship are as follows :—Length over- 
all, 261 feet; beam, 43 feet 6 inches; depth, 21 feet. The length and beam are the 
maximum that can go through the canals from the lakes to the sea. 

While the time required for side launching is very short, the launch is much 
more spectacular than an end launch, there being usually a drop of from one to 
three feet off the end of the ways. 

In a recent launching in one of the lake yards, the drop from the end of the 
ways to the water was only one inch less than 14 feet. No damage resulted to the 
hull structure. 

About three weeks before the date set for a launch, the groundways are placed, 
and a week later the packing is placed under the ship. The triggers and daggers, 
two sets at each end for a ship of this size, are put in position a week before the 
launch, and three days before launching two patent key blocks are placed under the 
keel at each end, these being the last keel blocks left under the vessel, and they assist 
in relieving the stress on the triggers until the last moment. 

The triggers are levers, two at each end, pivoted against chocks secured to the 
groundways. Daggers or shores extend from a point on the trigger just clear of the 
chocks to the ship. At the other end of the triggers, bights of rope are turned, ex- 
tending back and fastened to piles or other secure anchorage. These ropes are cut. 
with axes by men when signaled. The triggers and daggers drop away and the ship 
is free to move. 

The signal device used consists of three vertical semaphores, shown on Plate 74, 
pivoted to a platform located at each end of the ship, on the lower or water side of 
the building berth and clear of the ship’s way, in sight of each other and also in 
sight of the men who are to cut the ropes, holding the triggers. 

About half an hour before launching, the wedging up or rallying is started; 
first on the upper or land side until the shores drop out, then on the lower side until 
the shores drop out; then again on the lower side, rolling the ship so that the keel 
blocks can be easily removed. The patent or key blocks, as before stated, are re- 
moved last. 

The first of the semaphore signals is dropped when all the shore and keel blocks 
are out, the second when the key blocks are out. Usually, at this period of the oper- 
ations, the ship has moved a little, which is followed up by the jack shores fitted at 
each end of the ship. If she has not moved, the jacks are worked until she moves. 
The ship is now ready to let go, and the last signal is dropped to cut the ropes, which 
is done simultaneously at both ends. 

The data from launch of the 3,500 dead-weight-ton ship are as follows:—De- 
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clivity of ways, 1% inches per foot; launching weight, 1,170 tons; area of sliding 
ways, 289.5 square feet; tons, weight per square foot, 4 (will go as high as 9 to 11 
on large ships) ; time from start to leaving ways, 6.5 seconds; velocity in feet per 
second, 9.08 feet. 


DISCUSSION. 


THE PREsIDENT:—Paper No. 6, entitled “Side Launchings of Ships on the Great 
Lakes,” is now before you for discussion. We will be very glad to hear from any gentleman 
on the subject. 


Mr. WitxiAm T. DonNnELLY, Member:—I just would like to say a word. I had been 
called upon to design a side launching way myself, and I expected, when laying it down, it 
would be the first side launching in the South, but I found that brother Stevens was fit- 
ting out a side launching plant there. Again, the U. S. Steel Corporation, at Mobile, is build- 
ing a plant with six or eight side-launching ways. I think it would be a matter of great in- 
terest to engineers who are trying to overcome the difficulties of end launching if they 
would investigate the side launching, not only as to how it is done, but the actual records of 
side launchings. I think the records show that the side launching is vastly more safe then 
the end launching. It certainly affords considerable basis of economy in construction, and 
the whole preparation for launching becomes vastly more simple. 

The matter of the use of the waterfront is also something to be considered. With end 
launchings, the waterfront opposite the ways, or the shipyard location, is during the period of 
launching made inaccessible for the use of any other vessels unless the river is very wide. 

Another factor of much practical importance is in the method of handling material and 
supplies. Much of the material can be landed on to the ship from the ground or from a 
floating structure. This is of considerable advantage, with access from both sides of the 
ship, one from land and the other from water, and it adds much to the expediting of the work 
in the way of delivering and handling material. 


Mr. Antonio C. PEssano, Member of Council:—The paper by Messrs. Kirby and Hop- 
kins is a very interesting one, and the authors deserve a great deal of credit for their effort 
to extend the practice of side launching. The paper, however, rather gives the impression 
that side launching is only successful in the case of small ships, such as the authors describe; 
but in order to remove such an impression if it prevails, I might say, for the information of 
the members of the Society, that we have built ships up to 14,000 deadweight tons, these 
ships running up to 617 feet in length and 64 feet beam, and we have launched these ships 
successfully sidewise. 

With respect to the possibility of damage due to side launching, I think it will be of 
interest to the members of the Society to know that within my own knowledge, covering a 
period of fifteen years, I have known of at least $150,000,000 worth of ships side-launched, 
without any substantial claim upon the underwriters. Within the past year our own com- 
pany has successfully launched over $20,000,000 worth of side-launched ships without any 
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claim whatsoever upon the underwriters. These facts, I think, support Mr. Donnelly’s 
statement. 


Mr. Donnetty:—At Buffalo there has recently been launched a “Laker,” not only 
with water in the boilers but fire in the furnace, and steam up, and the vessel left the ways 
under her own steam. 


Captain RicHarp M. Watt, C. C., U.S. N., Vice-President:—In the Navy Yard, Nor- 
folk, we have launched several large tugs sideways. A local moving picture operator took 
pictures of one of the launchings and sent a copy to me, from which we figured that the heel 
of the ship reached 42 degrees. 


Mr. Hopkins (Communicated) :—The paper was not intended to give the impression 
that only small ships were successfully launched. The Toledo Shipbuilding Company, as well 
as all yards on the lakes, have successfully launched lake freighters of the largest type. The 
small type of ocean-going ship was. being built when the paper was written and, having bet- 
ter illustrations on hand at this time, they were used. 


Tue PrestmpentT:—lIs there any further discussion? If not, I am sure that the authors 
of this paper, Messrs. Kirby and Hopkins, are entitled to a vote of thanks by the Society. I 
ask all of those in favor of such a vote of thanks to say, ““Aye’’; contrary-minded, “No.” 
The vote is unanimously carried. 

I wish to call your attention to several matters. The first is the banquet to-morrow 
night, which promises to be especially interesting. 

I also call your attention to the excursion on Saturday morning, at 11.00 o’clock, in 
accordance with the program, for which tickets must be obtained, and if you will register 
your names for this excursion, so that those who are in charge may know how many are to 
be taken care of, the local committee will be very much obliged. 

To-morrow morning at 9 o’clock there will be an exhibition of moving pictures, taken 
by the Submarine Boat Corporation, of launchings and other interesting features, including 
electric welding; also some others that will interest you. 


The meeting then adjourned until Friday morning. 
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SECOND SESSION. 
Fripay Morninc, NoveMBEr 15, 1918. 


Preceding the opening of the session, a number of moving pictures of the plant of the 
Submarine Boat Corporation and other pictures were shown. 
President Taylor called the meeting to order at 10.10 a.m. 


THE PRESIDENT:—The moving pictures of the Submarine Boat Corporation, which you 
saw this morning, have so well shown the work done there that Mr. Sutphen feels that the 
reading of his paper No. 7, entitled, “Structural Steel Standardized Cargo Vessels,” is now 
unnecessary, but it will appear in the Volume of Transactions. 


STRUCTURAL STEEL STANDARDIZED CARGO VESSELS. 


By Henry R. SurpHen, Esg., MEMBER. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


The war has brought about a new type of ship construction, commonly re- 
ferred to as “fabricated ships,” which only in part describes the new method that 
we have had to solve in manufacturing structural steel cargo vessels at the Newark 
Bay shipyard. 

Our problem was one of quantity production, thereby necessitating thorough 
standardization of design, ship material, fabrication and assembly. 

By referring to the newspapers during the months of March and April, 1917, 
before and after we entered the war, one will note with interest how much discus- 
sion there was over the problem of new ship construction made absolutely impera- 
tive by our entrance into the great world war. Some suggested large numbers of 
small wooden ships of 1,600 tons burden, with high speed. Others demanded 
larger ships, and many agreed that wood was the only material available to con- 
struct the emergency fleet. 

In the fall of 1916 the Submarine Boat Corporation had completed for the 
British Admiralty 550 submarine chasers which were built of wood, the hull ma- 
terial having been fabricated in its Bayonne, New Jersey, shops and assembled into 
the finished boats at Montreal and Quebec, Canada. This was the first large boat 
manufacturing project ever attempted and was successfully completed ahead of con- 
tract time; it was the “model experiment” for the far greater task we are now en- 
gaged in of furnishing to the United States Shipping Board Emergency Fleet Cor- 
poration one hundred and fifty 5,000-ton steel cargo ships. 

Our experience in obtaining the proper quality of material for wooden boat con- 
struction, an art that had practically disappeared, made us feel certain that the large 
tonnage desired in wooden ships would be most difficult to obtain, not only on account 
of material, but also because of the shortage in wooden shipbuilding labor. Fur- 
ther, while wood could be fabricated into boat material, nevertheless the material 
would not stay. put like steel, due to shrinkage, checking and rot. 

Upon investigation we learned that the output of ship steel for months to come 
had already been allotted to the established shipyards for merchant work then under 
way and for naval requirements. We therefore recommended to the United States 
Shipping Board Emergency Fleet Corporation in April, 1917, that in place of wood 
we be permitted to submit a plan for manufacturing steel ships to be built with the 
ordinary commercial structural steel as had been employed in building our skyscrap- 
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ers, bridges and tanks from which America had obtained such a reputation in steel 
construction; and, on account of the great emergency and the demand for a large 
number of ships, we further suggested that we be permitted to manufacture ships 
and not build them one at a time. 

Our plan called for utilizing the large number of bridge and structural steel 
shops throughout the country which were not then busy with commercial work and 
which could be employed in fabricating steel shapes and plates from accurate draw- 
ings and patterns which we would supply. On account of using unclassified steel, 
we suggested that we compete in size of ship with the then proposed wooden vessel of 
3,500 tons deadweight capacity, but as we progressed in the details of design and con- 
struction it was found possible to increase the deadweight capacity and still retain 
standardization in design and material to 5,000 tons, which is the size of the ship 
we are now producing in quantity. This size was fixed for other reasons. An analy- 
sis of pre-war merchant shipping disclosed the fact that the average commercial 
cargo carrier ranged between 4,000 and 5,000 tons with a full-load speed of 9 knots. 
It was therefore believed that a 5,000-ton craft, able to make 10% knots per hour, 
would be preferable and probably prove a desirable type for service in the years to 
come. Further, and of no less importance, careful investigation showed that the 
unit features of a 5,000-ton ship, fabricated at more or less distant outlying plants, 
would utilize freight car capacities to their fullest and most economical extent and 
still carry out the plan of having as many rivets as possible driven at the fabricating 
shops. A total of 427,000 rivets is required to be driven for one of these hulls, and 
of this total over 100,000 are driven at the fabricating plants, where the work is done 
on a much more economical basis than in the shipyard. For illustration, the smoke- 
stacks were so designed that their maximum diameter came within the width of an 
ordinary gondola car, permitting the stacks to be shipped completely assembled. The 
floors with intercostals were assembled in groups of three, the ordinary 36-foot 
flat or gondola car carrying six sets of floors which, when loaded, kept within the 
railway clearance. It was recognized at the start that the railroads would be heavily 
burdened and, as a very wide region would have to be drawn upon to furnish ma- 
terial, it was absolutely essential that the car space should be made the most of, so 
that the fewest possible carriers would be needed to maintain a steady flow of sup- 
plies to the assembly yard on Newark Bay. 

Our problem was first to use commercial structural shapes and plates that could 
be had in large quantities, and design the ships so that these could be assembled with 
a minimum of alteration through bending, and next, that the plans should be so de- 
veloped that the bridge builder and the structural shops should have no difficulty in 
reading the drawing's and adapting their experience and equipment to the fabrication 
of the parts for ship construction. The naval architect had to speak and draw in 
terms familiar to the great army of structural steel workers, requiring some radical 
modifications in the matter of classification details, and imposing rather pronounced 
departures from the ordinary shipshaped models, in order that the materials at hand 
might be incorporated in the most efficient manner for maximum production and 
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accuracy of fit. In brief, this necessitated the elimination of curves and the substitu- 
tion of straight lines and angles wherever possible. 

The decks are without camber and generally without sheer, the sides through- 
out the length of the parallel body are perpendicular; the bottom is flat, and is 
merged with the sides by a short and abrupt curved bilge. By eliminating the dead- 
rise characteristics of the vessel it was possible to adopt a uniform size of floor 
throughout the parallel body and to have recourse to longitudinals which would all 
be of the same height. Forward and aft of the parallel body the model subscribes 
with reasonable closeness to that of the accepted design of ocean-going carriers. 

The plans accompanying this article illustrate the details of construction and con- 
tour of the vessel, which is pleasing in appearance, and from the tests made at the 
Government Model Experimental Basin it was disclosed that the ships are rather eco- 
nomical in their propulsive requirements, with a block coefficient of 0.78. Their drive 
is as easy as the ordinary model of cargocarrier of like displacement and similar 
speed. The effect of the usual sheer is obtained by giving the upper deck, forward, 
a flat rise of 5 feet to the stem. This, with the usual flaring bow, gives the desired 
measure of added buoyancy when driving into a head sea. The parallel middle body 
constitutes about 43 per cent of the ship’s total length. 

The principal dimensions and general characteristics are as follows (see Plate 
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As the plans disclose, the ships are constructed upon the transverse system of 
framing, and the double bottom extends from the after peak bulkhead forward to 
the collision bulkhead. There is but one complete deck, the upper deck, extending 
from bow to stern. Without exception the decks are worked flat, both athwart- 
ships and fore and aft. 

As quantity production was the keynote in building these ships, it was essen- 
tial that the main propelling machinery should be of types capable of being manu- 
factured in quantity. Therefore watertube boilers were chosen with reduction gear 
turbines. The boilers are of the Babcock & Wilcox make with a total heating 
surface of 5,800 square feet, operated with coal or fuel oil under natural draft. The 
propelling machinery consists of a geared Westinghouse turbine capable of devel- 
oping 1,500 shaft horse-power, turning a 15%4-foot, 4-bladed screw at 90 revolu- 
tions per minute. The turbine is connected to the propeller shaft by a helical, 
double reduction gear with a ratio of speed reduction of 40 to 1. The steam 
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consumption of the turbine when operating at full power should not exceed 12.5 
pounds per shaft horse-power. 

The storage capacity for fuel oil is 660 tons, carried in the double bottom, which 
will be sufficient to operate the vessel 7,000 miles. 

The ships are fully equipped with all necessary auxiliaries and deck machinery 
with comfortable quarters for a crew of 60 men, including 22 men for military op- 
erations. Like all other ships building for the Emergency Fleet Corporation, the 
equipment is complete in every detail. 

Referring to the fabrication and assembly of these ships, which undoubtedly 
is of the greatest interest to our members, the total weight of structural steel required 
for one of these ships is 1,564 tons, 462 tons being in shapes and 1,102 tons in 
plates. The only ship sections used in the design were a few bulb angles at both 
ends, amounting to 1% per cent of the total weight, or 23 tons. Under our con- 
tract all drawings were to be approved by both the American Bureau of Shipping and 
Lloyd’s Register. This meant that, wherever in any particular the rules of the two 
societies differed, we had to adopt the more stringent rule, and this resulted in a 
heavier ship than would have obtained by classification in one society. Notwith- 
standing the increase in weight between these ships and those built with ship classi- 
fication steel it has been demonstrated that commercial structural shapes were used 
advantageously and did greatly relieve the steel mills from furnishing classification 
ship material. 

Ninety-six per cent of the total weight of the hull was fabricated at outlying es- 
tablishments. Twenty-eight steel mills supplied material to 56 fabricating plants, not 
to mention the contributive labors of 200 foundries, machine, pipe, joiner and equip- 
ment shons which figure more or less in the building of a cargo carrier. The fabri- 
cating shops are scattered from Wisconsin to Massachusetts and as far south as 
Virginia, and inasmuch as the parts are fabricated in such a large number of differ- 
ent shops and as the individual parts must be interchangeable, one of the first 
considerations was to make necessary provision for giving the information to the 
fabricating shops in such a manner as to insure accuracy of work and speed of 
production. : 

It was the bridge engineer working in conjunction with the naval architect who 
properly interpreted the details of ship fabrication into the language of the bridge 
shops, thereby permitting the structural shops to fabricate the complicated ship ma- 
terial with the tools and facilities they had in hand, an operation that many old line 
shipbuilders questioned could be carried out successfully. So far as the straight parts 
of the parallel middle body, flat tank tops and flat decks were concerned it was an 
easy matter. It was simply a case of making detail drawings exactly as they would 
be made for a railroad bridge giving definite location by dimension of every hole, 
rivet and each piece of steel. In all some 330 drawings were made of details of hull 
fabrication. From these drawings all the steel was ordered from the mills exactly to 
the length required. In the molded portion of the ship, however, the problem be- 
came more complicated to the bridge engineer, as this section of the shell could not 
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be mathematically developed. Such plates and shapes were developed full size on the 
mold-loft floor, reproduced on template paper, having all rivet holes punched in them 
on proper gauge lines and for a matter of record carefully measured up and detailed 
to dimension on individual drawings. Even with complete drawings it was difficult 
for the fabricating shops to reproduce the plates on account of the edges and gauge 
lines being curved. These lines could only be located by dimensioning a series of 
points on the curves. 

As we could not count upon two men springing a batten and getting the same 
shape between points, we overcame this phase of the problem by sending templates 
of the shell plates in the molded sections to the fabricating companies. These tem- 
plates, made on template paper approximately 1/32 inch thick, were direct copies of 
the original template developed on the mold-loft floor. A difficulty was experienced in 
the shrinkage and expansion of these templates and, to insure the change of shape 
of the templates causing no misfits, each template was marked before being sent out 
with certain dimensions. To begin with, the paper used is fairly heavy fabroid ma- 
terial, which has a rather low coefficient of expansion. It was then marked and cut 
in accordance with the development on the scrive board, and rivet holes, etc., were 
laid out upon the paper, spaced and dimensioned with great accuracy. 

The correct dimension for the length of the template, also the correct dimension 
for width at each end, was painted on with arrows indicating exactly where these di- 
mensions were taken. In addition to this, a straight line was scratched the full length 
of the template approximately at the center line. The shop receiving this template 
was requested, in all cases before using it, to measure it and make certain that the 
template, as they used it, was correct to the check dimensions given. They were also 
requested to test the straight line scratched on the template with a straight edge. 
When, as was very frequently the case, they found that the dimensions did not 
check or that the line was not straight, they were required to bring it to shape either 
by dampening it or drying it as the case might be. There still remained, of course, 
the possibility that when a template had been expanded by dampening and stretch- 
ing, the expansion might have taken place all at one section of the plate rather than 
throughout its length. As it was possible for this to happen, neither checking the di- 
mensions on the template nor checking the straight line would detect the error. To 
overcome this we insisted that the fabricator check their templates against the de- 
tailed drawings which were furnished them. Inasmuch as the local steel tapes 
determined the measure of this variation, it was of prime importance that every 
tape at each and all of the outside works should be uniform. 

A single tape was selected for the Newark Bay shipyard where the original 
templates and drawings were laid down on the mold-loft floor, and with this master 
tape every other tape to be used was compared and carefully calibrated, and a co- 
efficient, plus or minus, prescribed in each case. In this way it has been entirely prac- 
ticable to insure dimensional agreement not only within the different departments of 
the Newark Bay shipyard, but similarly within the different departments of every 
outlying contributive establishment. 
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This seemed a large amount of checking, but it must be remembered that in each 
case this had to be done only once, as the majority of shops, after getting their tem- 
plate exactly as required, used it to lay out one steel plate or section which was used 
as a template for all duplicate operations. A tolerance of 1/16 inch was allowed on 
all punching, this being the amount of reaming that is done when the material is 
being erected. 

Not only is the hull material all fabricated outside but also the material for ma- 
chinery installation such as piping, valves and innumerable fittings. The piping 
comes bent, with flanges attached, to exact shape, requiring only assembly in the 
ships. All joiner work and wood sheathing is fabricated in a shop at Detroit, Mich- 
igan, and shipped to the yard in complete ship sets, and as it is received completely 
finished, painted, varnished and with hardware attached, it is merely a matter of 
assembly when the ship is ready to receive it. 

Before the work started, the idea of fabricating ships on such a large scale was 
further questioned, on the ground that the structural steel worker could not drive 
a tight rivet, and that his work would not be satisfactory or pass inspection. Quite 
the contrary has been the result, as the work has been entirely satisfactory, equal in 
every respect to work done in the established shipyards, although the question of 
labor has always been a most difficult problem and could only be obtained by a sys- 
tem of training which has been very thoroughly developed. Over a thousand skilled 
workmen a month are being turned out by our training department. 

Our success is in no small part due to the layout of the shipyard. As the plan 
view (Plate 80) and Plates 82, 83, 84 and 85 show, there are 28 building ways, occu- 
pying a water-front space of substantially one-half mile. Electrically operated der- 
ricks, each having a maximum lifting capacity of 3 tons, are placed between alternate 
ways and arranged with a reach which will enable them to deal with the materials 
for a pair of ships. Eighteen miles of railway track insure a steady flow of steel 
and other material by the shortest possible routes to the points of incorporation in the 
ships when on the ways or at the fitting-out dock, the latter having a length of 
nearly one mile where 22 vessels can be berthed at one time, served by a 400-ton 
gantry crane with a lifting capacity of 50 tons. By an overhead structure, electric 
and steam cranes serve for minor lifts and place on board the ships directly from 
adjacent storehouses the equipment and material with the least amount of handling. 

Between each companion pair of building slips and beneath the tower derricks 
is located an administrative building for the superintendent and foreman in charge - 
of the two ships. Within this structure is kept a complete set of plans and all other 
necessary data. With the exception of the rivet forges, which have their blowers op- 
erated electrically, all of the other power tools are driven by compressed air supplied 
from seven direct-connected electrically operated compressor plants. 

The fabricating plant at the shipyard is divided into two sections, the north and 
south shops, as shown on the plan (Plate 80), where bending floors are located, also 
punch shops, rolls and forges. The bending floors are fed from eight furnaces, all the. 
curved sections fore and aft being bent on these floors. These shops fabricate 4 
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per cent of the total weight of the hull. The plates to be rolled are shipped flat 
from the fabricators, punched and shaped to size, and rolled at the shipyard. As 
many as 175 tons of plates have been rolled in a single day. Furnace plates, of 
which there are only eighteen, requiring hot forgings, are pressed hot in hydraulic 
presses at outside fabricating shops and shipped to the yard in blank form where 
they are punched and worked to size to correct metal templates. 

Exclusive of the rolled plates, these shops with their limited equipment have de- 
livered 460 tons of frame material per week, working night and day shifts, which, we 
believe, will compare most favorably with other shipyards. 

Rivet driving being the barometer of production has gradually increased from 
30,000 per day during July to about 75,000 a day for October, with an average 
drive of 32 rivets per gang hour. As the men become more experienced and accus- 
tomed to their task, we believe that a higher average hourly rate will be obtained. 

For the last two months we have employed an average of about 12,000 men and 
have been assembling at the rate of six ships per month; 18,000 men will ultimately 
be required to fully man the yard, when a production of twelve ships per month may 
be expected. 

We are a little over a year old in our enterprise, having broken ground on Sep- 
tember 14, 1917, and during this period, through an unusually severe winter, we 
have completed the shipyard, delivered our first ship, the Agawam, classed At by 
both the American Bureau of Shipping and Lloyd’s—this being the first fabricated 
ship built of structural steel to be delivered—and launched in all fifteen ships, which 
conclusively proves the soundness of the fabricated construction and how this method 
which we have employed has been the only one that could have been followed in the 
emergency to build the bridge of ships to Pershing and victory. 


NortEe.—On actual measurement these ships have a deadweight carrying capa- 
city of 5,350 long tons. 


DISCUSSION. 


THE PresIDENT:—Mr. Sutphen is entitled to your thanks for his paper and the illus- 
trations. 

The next paper this morning is No. 8, entitled, “On Vibrations of Beams of Variable 
Cross-Section,” by Mr. N. W. Akimoff, Member. 


Mr. Akimoff presented the paper. 


ON VIBRATIONS OF BEAMS OF VARIABLE CROSS-SECTION. 


By N. W. Aximorr, Esg., Visitor. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


INTRODUCTION. 


The object of this paper is twofold :— 

1. To present a succinct review of the fundamental results of the investigations 
of the best known problems of vibratory motion of rods. 

2. To revive the interest of research engineers in Ritz’s* remarkable method, 
published some nine or ten years ago, but comparatively unknown in many engi- 
neering circles, especially in this country. 


I. SYNOPSIS OF KNOWN RESULTS. 


1. Pendulum.—Everyone knows the formula, 7=27 Re where gi— 32.10;)1 
& 


is the length (in feet) of the string or weighless rod, supporting the bob; T is the 
complete period (double) of the oscillations in seconds. This formula holds good 
only for small oscillations not over 4 degrees or 5 degrees each way. The free 
period of a loaded spring is expressed by the same formula, except that here instead 
of] we have 6, the deflection of the spring under its load (in feet). It should not be 
thought that the similarity of these formulae is due to the fact that 3 corresponds 
to 1; the true reason lies in the fact that both formulae derive from the same differ- 
ential equation, except that for the loaded spring this equation is simply written 
down; whereas for the simple pendulum it is obtained only after we have agreed to 
limit ourselves to small oscillations, in view of which assumption the original equa- 
tion has been simplified ; otherwise it could not be solved in elementary functions. A 
very simple method has been proposed by the present writer (American Machinist, 
August 24, 1916) whereby the frequency of a loaded spring can be found in one set- 
ting of the slide rule. For a compound or physical pendulum, such as a swinging 


rod, we have a different formula: 7=27 2 , where k is the radius of gyration 
Ss 


about the axis of oscillation, and h is the distance between that axis and the center of 


*Walther Ritz, an illustrious Swiss physicist, died in 1909 at the age of thirty-one. His works have 
been collected by the Swiss Physical Society and published by the well-known firm, Gauthier-Villars (Paris, 
1911). They comprise a great variety of papers, all original research, relative mostly to optics and electro- 
dynamics. Three papers are on the subject of vibratory motion; they are very difficult, but the sensation 
created by them was immense, and they immediately took root in the field of modern theories of elasticity. 
Our exposition of these methods will necessarily be of the most elementary character, 
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gravity of the rod. In this connection mention may be made of an interesting prob- 
lem recently suggested to the writer by Admiral G. E. Burd, of the Brooklyn Navy 
Yard:—A rod 4.9 feet long, swinging about one of its ends, will have a frequency of 
60 beats (half-oscillations) per minute. Swinging about its center of gravity, it 
will have a frequency = 0; somewhere between these two points the frequency has 
a maximum value. It is required to determine such a point and the maximum value 
of frequency. This problem is capable of immediate reduction to a very easy case 
of finding a maximum of a simple expression; the answer is that the required point 
is not quite 17 inches above the middle of the rod, and the greate$t frequency is not 
quite 64.5 beats (single oscillations) per minute. 

It is well to remember, in connection with all problems of pendular motion, that 
the period is not materially affected by damping unless the latter is excessive. 

2. Vibrating Strings.—It will be remembered that here the displacement of any 
point is characterized not by the time alone, but also by the location of the point. 
Hence, instead of an ordinary we have a partial differential equation, very well 
worked out, 


of which the solution is usually given in two forms, trigonometric, or by arbitrary 
functions (see any book on differential equations). The string can be excited by 
either plucking or striking it with a small hammer, by bowing it, or, finally, by 
sounding another body near it of corresponding pitch. From one viewpoint we are 
interested only in the latter method, corresponding to the stationary mode of vibra- 
tion, with permanent nodes (or positions of rest) and antinodes. Such a string, 
rigidly fixed at both ends, will have its gravest tone when it vibrates as a whole; 
besides this it can also be made to vibrate (either by proper mechanical excitation 
or by means of resonance) in any whole number of loops, with frequencies 2, 3, 4, 
a times that of the fundamental tone; these tones are called overtones, or har- 
monics, first, second, etc. (In more rigid investigation it can be shown that over- 
tones and harmonics do not always mean exactly the same thing, owing to the rigidity 
of the string.) The first harmonic will mean one node, in the middle; to the second 
harmonic will correspond two nodes, dividing the string into thirds, etc. Asarulea 
string, plucked or struck in an arbitrary manner, will not vibrate in any of such 
normal modes, but the general vibration will consist of a mixture of these tones. But 
in engineering investigations it is perfectly proper to consider these normal modes 
as actually taking place separately. 

It is of interest to note, in this connection, the explanation of the hull vibra- 
tions as proposed by Messrs. Pollard and Dudebout, in Vol. IV of their well-known 
treatise, “Théorie du Navire” (Paris, 1894). According to their views, actual ex- 
perience tends to show that the hull should not be considered as a vibrating rod or 
beam, but as a vibrating string. It is known (as will be mentioned later) that in a 
vibrating rod the frequencies do not follow the simple series 1 : 2 : 3 : etc., but a 
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much more complicated law. Yet Messrs. Pollard and Dudebout quote one authority 
who reports that, in a certain destroyer, the speeds at which the hull felt most sensi- 
tive were at 120, 240 and 360 revolutions per minute. They also quote Mr. Yarrow, 
who noticed that in a small boat such critical speeds were 200, 400, 600 and 800 rev- 
olutions per minute; while at 300, 500 and 700 revolutions per minute all vibra- 
tions ceased. Hence their conclusion that the theory of vibrating strings can be 
made to answer the required problem of finding such critical speeds, or at least the 
fundamental tone. They proposed the formula— 


net aks OE) 
oN 7s Z ae w 


vibrations per second, where— 


l =length of the hull. 
W =the total volume of the hull. 
w =the displacement volume of the hull (unloaded). 


bending moment — 
moment of inertia 
f7 =the extreme total height of hull considered as beam; all units are metric. 


i) = the average value,on halflength of ship, of the quotient 


Without the slightest desire to disparage the authority of the great teachers in 
question, the writer regrets being quite unable to agree with such analysis, especially 
as regards the very premises from which they started. A hull is a beam, not a string, 
no matter how analyzed; and being a beam of variable cross-section, it is naturally 
quite difficult of handling mathematically, as will be shown later in this paper. But, 
and here lies the most important point, all the experiments so far quoted were made 
in connection with engine-driven ships, years before the advent of the steam turbine. 
Now the action of a reciprocating engine is in itself very rich in harmonics, which 
follow the series I : 2 : 3 : etc.; and where the third harmonic is distinctly felt, as is 
well known from automobile practice, for instance. So that, after all, it is not im- 
possible that some of the vibrations were felt simply through the harmonics of the 
reciprocating mechanism coming into step with this or that harmonic of the free 
vibration of the hull. In order to justify the vibrating string theory, it would be 
necessary to provide a large, variable speed electric motor, with a purposely unbal- 
anced rotor, and fed from the shore. Such a motor could be placed in various posi- 
tions and various effects could be properly recorded. But, as a matter of specula- 
tion, the variable-section beam theory is much more satisfactory, as the writer hopes 
to show later on. 

3. Free-Free Bar.—The gravest frequency (of transverse vibration) can be 
found from the following rough formula (steel) :— 


n == 60,000 r/I’, 


where is the frequency per second, 7 the radius of gyration, and / the length, both 
in feet. The frequencies of higher harmonics will be found from the series, 
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So that, for instance, the frequency of the first harmonic will be 25 that of the 
9 


fundamental, etc. To the fundamental tone will correspond two nodes, 0.224 ] from 
each end; the ends and the middle will, of course, be antinodes. The first harmonic 
(or octave) will be characterized by three nodes, one in the middle and one 0.13 / 
from each end. The next harmonic will have four nodes, etc. The ends will, of 
course, be antinodes under all circumstances. All this applies only to the rod of con- 
stant cross-section, and for this reason cannot be used for finding frequencies of so 
complex a structure as a hull. 

4. Clamped-Free Bar.—Vhe ‘approximate formula for finding the gravest fre- 
quency (per second) of such a bar is:— 


N = 9,320 1/1 


(for steel), where n, r and / denote the frequency, the radius of gyration and the 
length (both in feet). The frequency of the next harmonic will be 6.25 times greater ; 
that of the following harmonic will be 17.6 times greater than that of the funda- 
mental, etc. 

Vibrating in the fundamental tone, the rod will, of course, have one node, where 
clamped, and the free end will be antinode. In the next harmonic there will be an 
additional node, 0.226 / from the free end. In the next harmonic there will be two 
such nodes, one 0.132 1 away from the free end and the other almost exactly at the 
middle; etc. 

5. Supported-Supported Bar—The fundamental frequency can be given by 
the formula :— 

n = 26,400 r/I’, 
the notations being the same as before. 

The frequency of the first harmonic is four times and of the second nine times 
higher than that of the fundamental. 

Vibrating in the gravest node, the rod has no nodes between the ends; to the 
first harmonic there will correspond one node, in the middle; the second harmonic 
will be characterized by two nodes, dividing the length into thirds, etc. 

6. Clamped-Clamped Bar.—lIts frequencies are the same as those of the free- 
free bar. 

General remark.—The frequencies (and therefore the periods) and the nodes 
of all these bars are found in a perfectly uniform manner from the same partial dif- 
ferential equation :— 


2 4 
ae ae aa a 
The methods of solution will be found in Lord Rayleigh’s “Theory of Sound,” or 
in St. Venant’s “L’Elasticité des Corps Solides,” and it will be at once apparent that 
the difficulty lies not in the work of finding the general solution itself, but in adjust- 
ing the arbitrary constants to fit the special conditions of each problem, such as 
tension, bending moment, or shear at the ends, etc. 
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7. Longitudinal and Torsional Vibrations.—While we are not immediately in- 
terested in these, for the sake of ready reference the rough formulae are given for 
corresponding frequencies (steel) :— 


Longitudinal: 8 400/l (/ being the length in feet) 

Torsional: n = 5300// (/ being the length in feet) 
These nodes will be characterized by one node in the middle; the first harmonic will 
have two nodes and twice the frequency; the second harmonic will have three nodes 
and three times the frequency of the fundamental; etc. 

8. Compounding of Vibrations.—As a general rule a vibration taken at ran- 
dom is a mixture of the fundamental with several harmonics. Prof. D. C. Miller’s 
delightful book, “Science of Musical Sounds,” contains not only a complete bibliog- 
raphy of this subject, but also many instructive diagrams with clear explanations by 
which any engineer would profit immensely. Any compound vibration can be de- 
composed by analysis, or by means of special instruments, into its primary elements 
(so-called normal modes), fundamental and overtones. Now if there is any disturb- 
ing periodic force (such as an unbalanced engine), and if its period happens to be 
the same (or nearly so) as that of one of the normal modes of the free vibration, we 
have synchronism, where the effect is generally quite out of proportion to the mag- 
nitude of the disturbing force. For instance, the vibration due to a reciprocating 
engine is compounded of the fundamental, the first harmonic (of double frequency) 
and of the second harmonic (of three times the frequency of the fundamental) ; 
higher harmonics, as a rule, are not felt. Now if any one of these frequencies is the 
same as any of the natural frequencies of the structure, its effect will be felt in a 
marked degree. 

The reader, unfamiliar with elastic vibrations in general, is advised to carefully 
study the fourteenth chapter of Morley’s excellent book, “Strength of Materials,” 
where many useful formulae will be found. 


II. MORROW’S METHOD. 


1. A very interesting method for finding periods of vibrating bars has been pro- 
posed by Professor Morrow of Bristol, England.* The essential features of this 
method are as follows. By assuming an equation which completely satisfies the end 
conditions, we can find both the vibration curve and the period of the fundamental to 
any required degree of accuracy. Initially, the method gives too small a value of 
frequency, which improves with further steps. When the density and flexural 
rigidity of the bar are variable from point to point in its length, the finding of 
periods by ordinary methods of analysis is often a problem of utmost difficulty ; while 
the method proposed by Professor Morrow leads to much easier solution. The main 
principle lies in the fact that if a bar is vibrating so that every point in it has the 
same period (in other words, in one of its normal modes) then the ratio of the ac- 
celeration to the displacement is constant for all points. 


*Phil. Mag., 1905, pp. 113-125. 
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If, for instance, y, be the displacement at a distance z from the point chosen 
d’y, 


laa 


as origin, so that is the acceleration, and if y, be the displacement of any 


chosen point (say that at which the displacement is a maximum) then the above 
statement may be expressed by the equation :— 


ad? a? i : TT 
AD Se /9, or simply, 9. = a a, a GD 


This, of course, will be instantly recognized as the general equation of vibratory 


motion, d*y/dt? = — a’y, of which the frequency is = — or the period is = EO 
27 a 


the other hand, we know the expression M = EJ/p connecting the bending moment, 
the moment of inertia of the cross-section, and the radius of curvature at the sec- 
tion in question. This is often given in a differential form (assuming that the radius 


2 
is very nearly = fee | 


M= bye (2) 
Wee 

In a freely vibrating beam or bar the moment M is the restoring agency; in other 
words, a couple due to reversed effective forces of extension and compression, act- 
ing in any cross-section according to the well-known straight line theory; E, of 
course, is the modulus of elasticity, and J is the moment of inertia, about the neu- 
tral axis of the cross-section. Now, since the moment M is a function of the mass 
per unit length, of the end forces, and of the accelerations, we can express it in terms 


of 24 y, and the density and cross-sectional area of the bar. And assuming for 
v1 


y- a hypothetical type of vibration, satisfying the end conditions, we can insert the 
value of M thus obtained in the equation (2). Solving for y we have a second ap- 
proximation to the center line of the bar, and the period can be calculated as 


T=ans| - » (3) 


V1 


The value of y just found can now be substituted into (2) and a closer approx- 
imation secured by solving the results, as will presently be illustrated. Professor 
Morrow’s paper should be carefully studied in detail; but for our immediate purpose 
we shall take only the following examples :-— 

2. Clamped-Free Bar.—Let the origin be at the free end of the bar, whose 
length is J, the area of cross-section being a and the density of the metal being y 
By D’Alembert’s principle the acting forces are in equilibrium with the inertia 
forces. Now the moment of the inertia forces about some section X (distant + from 
the origin) is the sum of infinitely small products:—mass times acceleration times 
leverage, 


y ay, (x—-2) dz; 
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So that the differential equation of motion (of the center of each section will be— 


ay _ ee yi 
Bere yf (4-2) a ) dz (4) 


where ay can be taken from under fe, Ae sign only where both a and y are 
constant throughout the length. 

If now we succeed in finding the solution for y, from this equation, in ascend- 
ing powers of +, we can readily find the period of the vibration. 

Let us assume a value of y, such that it satisfies the end conditions. For in- 
stance, let 


y= A+ Be + Cre’? 4+ De? + Ex’, 
At the free end, where + = 0, we have y= y, (let this amplitude of the end be 
any) ; then 4= y, (by making, in above equation, + = 0) ; also d*y/dx? = 0 (because 
the bending moment is here = 0) ; and d*y/dx* = o (because the shear at the free 
end is — 0); hence, C =o and D =o. On the other hand, at the fixed end, where 
4% =I, we have y = 0 and dy/dx = 0 (the elastic line is tangent to its neutral posi- 
tion) ; so that 


32" 
So that the assumed equation, corrected for the end conditions, becomes 
A oe Ae 


(Important note: The reader’s attention is called first to the manner of handling the end conditions, 
which is of greatest importance in our last chapter; and, second, in the fact that the degree of the assumed 
equation must be fourth; it is easy enough to see that nothing else would answer; the other examples of Pro- 
fessor Morrow’s method call for different degrees of the assumed expression for y, such as fifth or sixth.) 


Since, then, we now have the general expression of the ordinate y (or y,) in func- 
tion of any arbitrary ordinate y: (say the amplitude of the free end), let us substi- 


tute it for 4. in equation (4). 


3 6 
= ee ae 2 eon. a] 4 
ere Faas 
Integrating twice, each time adjusting the constants of integration to suit the end 


condition, we have— 


y= Ey xt ( .08194 74 — .112698 7° + .0416x*— ohae te .000198 — 7 = (6) 


which is approximately the vibration curve and, for the free end, gives 


ay l' 3 
Ey (7) 


= ih = 
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which is the general equation of pendular motion, the frequency being very nearly 
that given in Chapter I. 

In order to get a still better approximation we can insert for y,, in (4), the value 
of y just found in equation (6), and using the value just obtained, (7), for , 
whence— 


2 * 
= = ance yy ish (.08164 7" — .112698 /?z + .0416 z* 


2 
= ors +. 000198 =| (e- z) dz 


12.2ay 
RIE 


Vr ( 04097 7 x” — .018783 2° x? + .00138.x° 


x 10 
= 860224) — +.000002 =) 


or, integrating, 


- £22 i) 
_y= ine yi (. 6620841)" = son2 71S ce san Aas). x: 
x? 12 
— .093915 I°x° +..00248 x° — .000367 ~ ; * ). 
Thus the vibration of the free end (where x =o) becomes— 
ayl* yh 
TE Tine 

whence the frequency— 

351537 Se E 

Da? 


which is still nearer its true value, although the difference is not great. 
3. Free-Free Bar.—lf both ends are free, and there are no external forces act- 
ing on the bar, the end conditions at both ends are the same— 


ek nae Ae 


In other words, the extreme deflection is that value, y:, in function of which we will 
express the elastic line; furthermore, at the ends there is no bending moment; and 
no shear. Assuming the deflection to be given in function of the ordinate by some 
such equation as— 


y= At Be + Ce’? + Do? + Ex’ + Fa’ + G2', 


we can readily see that at one end, where + =o, we find A =y:; also C= D=0; 
the conditions at the other end (4 1) give (forming the second and third deriva- 
tives and applying ordinary rules of determinants )— 


B= AGS) eer =— 3G. 
2 2 
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The value of G is found from the consideration that, since the total force on the 
bar vanishes, we have— 


ay — % fy ae — (8) 
In other words, 


v4 
S (n- = Gtx + 5 GPxt— 3Glx*+ Gx") dx =o 


so that— 


therefore the equation assumed for y becomes— 


* IA Oe =) 
y vi (: 3 Z ar 3 [4 2 7 a5 3 Zé 
Substituting this for y in equation (2), 


dx? Ef yy, 
we have 
1G a 4,70 2 32 DS) 2 Gea 
oe Wo G7 sie 
n ge ee ge ape 
= 77% oe 72-62 162), 
Integrating twice and evaluating the second constant by reference to (8) we have— 
5 
ee 001993 U! —.00925/° # +0416 #4 —.038 7 
2) 10 
+0138, ~. 009254 +. 00185 ) : 
whence the frequency— 
| ae 2 
ies aay (BNI oy 


which is very near the value given in Chapter I. 

In this paper we are especially interested in beams of variable cross-section. For 
this reason the following three examples, worked out by Professor Morrow, should 
be studied with greatest care :— 

4. Clamped-Free Bar of Varying Breadth (b=Azx). 

Let the depth h be constant. Our equation (4) will then become 


ad? a 7 f 
es = <= Sv. yi (x2) dz (4) 


3 
or, by virtue of (5) and considering that a,— Ahz; also that J = = 


d’y ae op eiaee Soe = 
x = = 
Bl 


= Ek ania 
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Integrating twice, we have 


2991 ( 122619 /*—.173469 x +.083 x*-.03~ j i 000850 ~ 


a wore a 
Hence the amplitude of the free end (4 = 0) is given by 
El? 
yl 


In order to find a better approximation, both these equations are substituted into 
(4:) in the usual manner, with the result— 


d*y _ 97.86408 y 
7 Ee Eh’ 


Vy t 020436 1* x? —.014455 Px° 


7 10 
+ 001984 x" — .000595 = + .000007 =) 


or, integrating twice, 
=V = eo7Rede® V1 (.240053 YP NOS G8 ORO ae 
Ek l 
H x? alt 
— .072279 J° x° + .003543 x° — 000827 wee 000006 wa ) 


whence the amplitude of the free end, by— 


iene = 1 age Eh’ 
ai a 
and its frequency— 
LU eeCo38 UE 
anl* al 


In other words, all clamped-free bars of which the depth is constant and the 
breadth proportional to the distance from the free end will vibrate with a period 
quite independent of the breadth of the fixed end (hence of the value of 4). 

5. Clamped-Free Bar of Varying Breadth (b = Ax’), the depth being constant 
and =h. Here— 


ES AN Sn (Pe 
ae ee wid 2-2) Y,, AZ (4) 
i) 3 6 
= (x*-.8 © 4.071428), 


(by substituting the tentative curve from (5)). Integrating twice, 
El’ 


whence the expression of the end amplitude— 


8 
~y= ( . 098928 /' — 143537 2x +.083 x*—.04 = +.001275 =) 


as 10.1083 Be 
M1 ye 
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Instead of finding the frequency we shall try the next approximation by substituting 
the last two equations into (4), as usual, 


TORO Ge {2 


dx? EA? x? 


(x —2) (.098928 /* —. 143537 2 
5 8 
+ .083 24—.04 - +.001275 a) ds 


Bakar gry Me ON Ba 6 
ERE (8.24405 x” — 7.17687 0° x° + 1.48809 x 


x! x10 
— 2) 5 ye + .00966 =) 


Integrating twice, 


—_y= Seren (75074 P21 0978201 GF 1087 15% —.2588A 1° x 


6 x? x2 
+.02657 x — .00772 =p  oeeeeh lb 
hence the end amplitude, through 


Lois = 10. 8122” 
Vi 2 yet’ 
and its frequency— 
n= 233k |B 
aml? Y 


A third approximation carried out precisely in the same manner would result in the 
end amplitude through the equation— 


Ul] ‘ 2 
y h 
a8 = ii OCS rap 
and its frequency— 
_ 3.3262 | E 
aml? y 


where, again, the breadth of the bar does not enter. 

6. Clamped-Free Bar of Varying Depth (h = Ax), the breadth, b, being con- 
stant. 

The exact form of the equation, says Professor Morrow, first assumed for the 
type of vibration, is immaterial to the final result ; but, by choosing a suitable equation, 
the labor involved in obtaining this result to any required degree of accuracy is 
reduced. ‘stn 

In the present case Professor Morrow recommends, instead of (5), the form— 


iano: 
yay (1-2 2 2), 


Ny 
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which, inserted in— 


ETNIES 3s (05 
ax? Eb AS ae 2 (x—z) Wee dz (4) 


gives— 


2 MI 2 


integrating twice, we have— 


W 3 4 
= 11 (483 /?-ralets?-.3% 4.05% ) 


7% quae i P 
and the equation of the end amplitude (7 = 0)— 
JA = 2.07 Beas 
V1 yl 
In the second approximation, carried out in the usual manner, this becomes— 
yi LEAL 
ee 
1 $ yl? 
and in the third approximation— 
V1 
== = 2%. 
V1 3445 |? ) 
with the frequency— 
_ sya 4 [E 
AUN aa 


so that here the period is independent of the breadth, but the influence of the depth 
is exhibited by means of the constant A. 

7. Review.—It will thus be seen that Professor Morrow’s method is not nearly 
so difficult as it appears; the integrations to be performed are of the most elementary 
nature, and the method itself is perfectly uniform. The order of procedure is as 
follows :— 

(a) Bearing in mind the obvious relations (1) and (2), form the equation 
(4). 

(b) In this substitute a tentative equation of the form (5), satisfying the end 
conditions, not neglecting to change + for z, when placing (5) under the integral 
sign (x being here not a variable but a limit of integration). 

(c) Multiply by dx and integrate; multiply the result by dx and integrate 
again, finding each of the constants of integration through the end conditions. 

(d) The result will be the approximate vibration curves. Make + =o, in it, 
and the result will be an equation of the vibration of the end, of the usual kind, 
y" = — ay; hence the frequency n = a/2z. 

(e) For the next approximation, substitute the last two equations, in (4), in 
the following manner :—Place y, just found, for y, under the integral sign, and the 
value y’/y = — a’, before the integral sign and perform the integration. 
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(f) The result will be again an easy differential equation of second order. 
Integrating it we have a better approximation for the curve. Placing + —o in the 
result we again have an equation of the end amplitude of the form y" = — }’y. 
Hence the desired frequency n = b/22. 

8. Slocum’s Formula.—Those interested in the subject of statics of beams of 
variable cross-section will find much valuable information in Professor Slocum’s 
paper “A General Formula for the Shearing Deflection of Beams of Arbitrary 
Cross-section, Either Variable or Constant.’”* Many practical examples are given 
as illustrations and Professor Fraenkel’s formula for flexural deflection is derived 
from the principle of least work by applying Castigliano’s theorem. 


III. A FEW GENERAL PRINCIPLES. 


1. Calculus of Variations——The reader will greatly profit by studying Pro- 
fessor Byerly’s little pamphlet, “Introduction to the Calculus of Variations,”}+ un- 
less, of course, already familiar with the subject. For our immediate purpose only 
a few words will be said pee this vast and most interesting branch of mathe- 
matical analysis. 

In ordinary calculus we are often confronted with the problem of finding max- 
imum or minimum values of a certain quantity, function of another quantity; for in- 
stance the greatest ordinate of a given curve (and, of course, the corresponding ab- 
scissa) ; the greatest volume of a body, whose surface is given, etc. This is done 
simply by equating to zero the first derivative, of the function, as to the independent 
variable (generally abscissa), and of finding from such an equation the corresponding 
value of the independent variable (say +,, ). Then the value of the function, with that 
x», in it, will be either maximum or minimum; in order to determine which it will 
be, we must find the second derivative. The negative value of the latter will mean 
maximum, and inversely. 

But there are problems in which we are to find the form of a function, such that 
it will answer certain requirements, consisting mostly in some such condition as ren- 
dering maximum or minimum the value of a certain definite integral, involving the 
independent variable, the function itself, and often some of its derivatives, as well as 
constants. In other words, the problem of plain calculus is as follows:—Being given 
a certain function, y =f (#), of the independent variable +, find such a value of x 
that y will have the greatest (or the least) of all BE JOA values. The answer is 
a certain +, and the corresponding Vyav, OF Vmin- 

The problem of variations is quite different :—What is that form of a function, 
f (connecting the dependent and the independent variables in some such manner as 
y =f (*#), which will os a certain definite integral— 


S= {Vw 14 AZ... .)dx, or simply = [Vx 91.9%. Maas 


*Journal of the Franklin Institute, April, 1911. 
+Harvard University Press, 1917. 
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(where V is the functional symbol, showing how the variables are connected to- 
gether), maximum or minimum, as might be the case? Will it be a straight line, 
y= max + n, or a parabola y? = 2px +c, or a cycloid 


a= % 
y = a COS hd Dope = 6e 
a 


At any rate the object is always the same, to find the form of a function such that the 
value of a certain integral will be maximum or minimum. 

Here are a few examples :— 

1. Find the shortest curve between two points in a plane (which, of course, will 
be a straight line). Here the integral to be made minimum is simply— 


ar dy 5 
s-J J4(2\a 
J TN Eee 
The integrand involves only the first derivative dy/d+. 

2. Find the form of a body of revolution such that, immersed in water, it will 
offer the least possible head resistance to motion (Newton’s problem). Here the 
problem hinges on the minimum value of the following integral— 

x2 3 


NS GL 
§ ea 


(where y’ is the simplified notation for dy/dx). So that the integrand here in- 
volves only the function itself and its first derivative. 

3. Find the shortest path between two points on a given curved surface. It 
can be shown that here the integral to be made minimum is 


Naina 
Se ity 43) ahs 


so that here the integrand contains the derivatives of two unknown functions of 4. 

The method of the Calculus of Variations is based upon the following viewpoint, 
rather broad but not unnatural. Instead of limiting ourselves to just one definite 
curve, let us imagine that any curve (or function), including the one we wish to find, 
is only a special case of a whole infinite family of adjoining curves, all controlled 
by a certain parameter, the continuous changing of which gradually alters one curve 
into another. Such a parameter, the existence of which we force, as it were, into 
the conception of our function, must possess only one property: it must obligingly 
disappear, whenever, in the continuous changing of curves from one to another, we 
pass through the form, such as y =f («), in which we are interested. But it may 
be in evidence on all other occasions; and, indeed, it can be shown that an infinite 
variety of curves, such as y —9(z, ft), can be written down, such that they gradu- 
ally change one into another, owing to the continuous change of the parameter, ft; 
provided, however, that for some special value of t, say = to, the function > (4, to) 
becomes simply = f (+), the function we have under direct consideration. 
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Then the differential of the function $(., t) with the specific value, t = to, sub- 
stituted in it, is called the variation of the function y and is denoted dy. These 
variations are functions of x, of a perfectly arbitrary nature (since we did not in 
any way limit ourselves to the manner in which these curves deform into each other), 
Herein lies the difference between variations and differentials :—the latter (such as 
dy) are also functions of +, but are not arbitrary, since they are found in a definite 
way, according to the known rules of calculus. Now, if we want a maximum or a 
minimum of a definite integral, say S, of a certain expression, involving y or its de- 
rivatives, etc., let us again imagine that we deal with a broader conception of y, in- 
volving not only + but also the parameter ¢ (the latter, by the way, will be supposed 
to be such that it merely drops out when y is what we want it to be, in view of our 
conditions). Then the first derivative of the integral as to the parameter, ¢, in other 
words, the variation 6S, must be =o for maximum or minimum of the value of 
the integral, precisely as dy/dx =o is the maximum or minimum condition in ordi- 
nary calculus. 

In other words, when y is what we want it to be, then the integral S does not 
change for any small increments of the parameter ¢, whichever way these might take 
place. Take, for instance, the problem of the shortest distance between two points 
in a plane or even in space. It makes absolutely no difference what family of curves 
we assume to deform into each other, as soon as the required minimum is reached 
(straight line), the curve becomes inert, so to speak, to the changes of the parameter, 
t. Similarly, in the simple problem of calculus, where the greatest (or least) ordi- 
nate is found, y,..0., we know that in the immediate vicinity of the maximum or 
minimum value the function refuses to respond to the infinitely small increments of 
4, and we simply say dy/dx =o. It is not our purpose to give the working methods 
of the Calculus of Variations, but we will mention the fact that equating to zero of 
a certain variation of a definite integral (which means maximum or minimum value 
of said integral) leads to certain differential equations, involving various orders or 
derivatives of y as to x, as well (generally) as y and + themselves, and constants. 
Integrating these differential equations, we obtain the required connection between 
the variables, dependent and independent, a functional relation required, such as 
y =f (*), clearly establishing the fact that the required curve is a circle or a cate- 
nary, etc. 

It is well to remember that, in general, the object of differential equations is pre- 
cisely the research of functional interdependence of variables, from expressions in- 
volving their derivatives. From this standpoint the Calculus of Variations supplies 
means for forming such equations, with a certain object in view—compliance with 
certain requirements. 

2. Energy.—In dynamics we are concerned with two forms of energy :—Poten- 
tial Energy, otherwise known as Latent Energy, or Energy of Position, usually de- 
noted V, and Kinetic Energy, T, otherwise known as Active Energy or Energy of 
Motion. The sum of these, as is well known, is constant, so that both forms can 
only transform into each other (dissipation of energy through friction, etc., will not 
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be considered here); thus a particle, falling from a certain height, in the beginning 
of motion has no kinetic energy, and at the end, when just reaching the floor, has no 
potential energy. Similarly a pendulum bob, when in one of its extreme positions, 
has no kinetic energy; while passing through its neutral position it has no potential 
energy. It can easily be shown that, in any state of free vibratory motion, the 
energy, on the whole, is equally distributed into kinetic and potential energies.* 

By potential energy more specifically is meant the definite integral, of the virtual 
work of forces, whose upper limit is determined by some fixed position of reference, 
and whose lower limit is given by the instantaneous position of the system. In prob- 
lems involving elastic bodies, this simply means work of deformation, and the energy 
is often referred to as strain energy, or potential energy of the strain. 

Example 1. Tension or Compression—As is well known from strength of 
materials :— 

F on Ula = E, that is, ERIE SENE SS = constant, 

a l unit deflection 
where F is the force acting on the area a; / and i; are the initial length and the 
stressed length; E is Young’s modulus. Hence 


Fl 
b-h=—3 
Riau 
‘ : ‘ a >. IP Fl 
and if the load is gradually applied, so that its average value is Bove have V= ak” 
a 


which is the required expression of potential energy. 

Example 2. Potential Energy of Bending.—Let us consider two sections of the 
beam, separated by the small lengthdx. The bending moment, as we know, is 1/= a ) 
where J is the moment of ee of the a ae and is the radius of ee 
ture, equal very nearly to 1 iS - let us put — ; = 9; then the angle a of the two 


sections will be, of course, ioe ee ap = dx, in other words, a = dx. 
Let us now bend the beam a little more, so that the angle a will become a +da; 
this will require the following work :— 


Mda=EJSoda=EJSdxodo; 


in other words, the total work required for securing the desired curvature, starting 
with a straight bar and reaching a certain value p, characterized by a corresponding 
$, will be— 


BV EJdx f ode = See aS 


a 
So that the whole potential energy will be— 
1 T 2 2 
ya BL pte BE (£9) ge 


2 ax? 


2 eole 2 


*Ibbetson, “Elasticity,” p. 283. 
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This is sometimes also given in the form— 


The kinetic energy of a vibrating beam will be found from the following con- 
sideration :—The elementary conception, mv*/2, can be extended to a continuous 
beam if we agree to consider it as an infinity of very thin slices, each possessing 
a motion of its own. Let the axis + be horizontal and the deflections be denoted in 
function of the ordinate y. Then the mass of a typical slice will be dm =yadx; and 
its velocity in its vibratory motion, up and down, will be the time-rate of deflection, 


. dy 
that eae 
at is, v = 


Therefore the total kinetic energy will be:— 
Lie ane 
r= 2S rel Gy) & 
where y and @ can be taken from under the integral sign only in case of a uniform, 
continuous beam. 

Professor Morley in his book, “Strength of Materials” (section 162), proposes 
a method whereby the frequency of a vibrating bar can immediatey be found from 
equating the kinetic energy to the strain energy, which the bar would have in its static 
deflected position under the same load. The method, although but approximative, is 
very easy and instructive. 

3. Virtual Work.—By virtual displacement is understood an infinitely small 
change of form of a system which could take place without being inconsistent with 
the general characteristics of the system. Such a displacement may or may not be 
due to the applied forces, but, at any rate, the applied forces may perform a certain 
amount of work, owing to such an imaginary deflection of the system from its actual 
position. This deflection can take place in an infinite variety of manners, and all 
such quantities as may depend on their respective positions will be altered to the ex- 
tent of certain special differentials, perfectly arbitrary, which we shall denote by 
6 and call “variations,” reserving the notation d for changes actually taking place. 
By virtual work, then, of a force P, it is proper to call the quantity P.ds. cos (P,6s), 
that is, the product of the force upon the virtual displacement, projected upon the 
direction of the force. 

The virtual work of a resultant, R, of the forces P:, P2, ... applied to the same 
point, is the algebraic sum of the virtual works of the components— 


R.6s. cos (R,6s) == P.6s. cos (P,ds). 


According to these principles the problems of equilibrium as solved by equating to 
zero the sum of virtual work of forces; after which we reason as follows:—Since 
the virtual displacement itself is perfectly arbitrary, it may or may not be = o; 
therefore to make the whole expression of virtual work equal to zero under all con- 
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ditions, the coefficient of the displacement must necessarily be = 0; and this leads 
to the desired relations between forces, etc., whence the solution of the problem. In- 
other words, the conception itself of equilibrium means that all forces are quite inert 
to any small displacement that can be imagined. In a broader sense, and with more 
special reference to problems of elastic systems, we might say that for equilibrium | 
the variation of the difference / — W must vanish, so that 6 (V — W) =o, where 
V is the potential energy and W the work done in storing it up. The variation sign 
6 implies that it is absolutely immaterial which way we try to deflect, slightly, such a 
system—the work done will always be exactly the same as the change of energy, 
and therefore the system is inert to any such change,—the true definition of 
equilibrium. 

For our immediate purpose we shall, by way of example, take the following 
problem :— 

A beam, AB, is clamped at its right end B and is resting on a continuous, yield- 
ing foundation. The beam is loaded with a distributed load, varying, according to 
the law of triangle, from left to right. The loading is really due to the weight of 
the beam itself, whose breadth is = 1, and whose depth is variable, h = £ ho, where 
ho is the initial value at A, and & isa variable coefficient, changing according to the 
straight line law, £ = -+//; the origin is at A and the beam length is=/. Then the vari- 
able distributed load will be g = & qo; and the elastic resistance of the foundation 
will be k = &k,. (This example is a prototype of a more elaborate problem of find- 
ing the elastic line of a ship in drydock.) In order to apply the principle of virtual 
work, let V be the potential energy of the bent beam plus that of the yielding founda- 
tion; and let W be the work done by the loading in causing the bending of the beam. 
Then 6 (VY —W) =o. In other words, the increment of the function in the 
brackets, for any possible small deflection from the neutral position of equilibrium, 
must always be = 0. 

Now the potential energy will, in our case, consist of two components—that 
due to the strain energy of the beam itself, and that due to the elasticity of the foun- 


dation; the latter will consist of such elemental expressions as k. y. de. So that 


the total potential energy will be— 


af (22) der f kytds. 


The work of the external forces will be, for the deflection of the beam from its orig- 
inal form to that which it will assume under the load, 


W= f gyda. 
Remembering that— 


Vi 8 


x=; k=&k; g=&g,; also that J= a 
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and putting— 
12 £1" 


12¢_1* 
f pees and y = EAE 


Eh? 
our variation can be rearranged into— 
al 2 2 
) = *( 2) + yEy-a Je = 0, 
i} ae qe beacon word lad 

Remembering the few remarks made above on the subject of variation, we see that 
6S = 0 is the equivalent of the fact that S itself is either maximium or minimum. In 
other words, that— 


1 2 2 
We ae) eae 
must be either maximum or minimum. By actually working out the variation of this 
integral and equating it to zero, we can obtain a differential equation, the solution of 
which would give the required answer—the deflection in terms of the abscissa. But 
a special method will be given in the next chapter, by which the function y can be 
found without the calculus of variations, by the ordinary calculus rules of finding 
maxima or minima of functions of several variables. What we have done so far 
was to establish a certain variational equation, and to conclude therefrom that a cer- 
tain definite integral must be either maximum or minimum. This is really the 
starting point of Ritz’s method, as will presently be shown, at which time we shall 
return to this problem. 

4. Hamilton’s Principle—This very powerful principle of dynamics can be 
briefly stated as follows: Let T be the kinetic and-V the potential energy; let the 
positions of the system be known at the moments ¢ and fp. Then for all compatible 
displacement we have 


Sf (T-V) dt=0, 


that is, the variation of the time integral of (I —V) will vanish. For further 
particulars see Dr. Byerly’s “Variations,” also Slocum’s ‘“Theory and Practice of 
Mechanics,” where an instructive problem will be found worked out in detail—how 
to find, by Hamilton’s principle, the equation of the transverse vibration of a beam; 
the resulting equation can be written down, almost instantly, from other considera- 
tions, but it is important to realize that there actually exists a perfectly general 
method by which an equation of motion can be derived from the fact that a certain 
variation of a certain definite integral vanishes. This, by the way, is as far as Ham- 
ilton’s principle can go—to enable one to form the equation of motion, but not to sup- 
ply its integrals. 

In our problems it will not be necessary to use Hamilton’s principle directly, 
but the principle of virtual work will be applied for finding the variational equations 
desired. We shall, however, modify the latter to fit the case of elastic vibrations, in 
the absence of external forces—for every virtual displacement we shall equate the 
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work of inertia forces to the increase of the potential energy. This will lead to the 
desired variational equation, which it will be our immediate aim to reduce to the or- 
dinary problem of maxima and minima. 

5. Two Propositions from Calculus; both are no doubt well familiar to the 
reader. 

(a) The minima or maxima values of a function, u, of many independent 
variables, v, y, 2, .... is found in rather the same manner as when there is only one 
such variable, +. We first find the partial derivatives with respect to each indepen- 
dent variable, and equate them to zero. 


LZ SS Bee. ADS etc 
ike G89 piae cae 
and, further, ascertain whether or not the second derivatives— 
Re GB Ghee 
all have the same sign. If they are all negative, with the values of x, y, z, ... found 


from the above system of first derivatives substituted in them, we have a maximum; 
otherwise, we have the minimum value of the function u. 

(b) According to Leibnitz’s well-known rule, if we have a definite integral of a 
function involving an arbitrary parameter, a, in order to find the derivative of the 
integral with respect to a we simply differentiate under the integral sign. Thus— 


eee | OLS) 


This only applies to the case when the limits are not functions of a, and even then 
not without certain restrictions, in which, however, we are not here immediately in- 
terested. 

6. End Conditions.—It will be remembered, from the Strength of Materials, 
that, if + is the abscissa (along the length of the beam) and y the ordinate of the 
elastic line, in other words, the corresponding deflection, then— 

(a) dy/dx is the tangent of the very small angle of the elastic line with the 
original axis of the beam. 

(b) d*y/dx* is a quantity proportional to the bending moment 

(since M-= EJ /p or = EJ — 

(c) d*y/dx* is proportional to the shear ; and 

(d) d’y/dx* is proportional to the unit load (if distributed). (c) and (d) are 
called Schwedler’s theorems. 

Now in all problems on rod vibrations we shall make constant use of these rela- 
tions, in adjusting the end conditions to each case, and thereby in determining the 
required constants of integration, etc. We generally put matters as follows:—At 
Ons Gaal (Geyy 4? —$ ©) WE WENSs ogee sooce- at the other end (where, say, r =/) we 
AVE ie Reine Abs CRC et 
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For instance, at the clamped end the tangent is 0; at the free end the shear 
and the moment are both =o. At the supported end the deflection itself is yo; 
also the moment = 0; but the shear of course is not — 0; etc. 


IV. RITZ’S METHOD.* 


1. Although the delicate mathematical structure underlying Ritz’s principle is 
very elaborate, indeed, the actual working of his method is quite easy, especially in 
its application to the comparatively simple problems in which we are here interested. 
In the main, its philosophy is as follows :— 

As has been mentioned above, any problem of elastic equilibrium, or motion, can 
be reduced to some variational equation, in which a variation of some integral is 
=o. This can either be derived from the principle of virtual work or from Ham- 
ilton’s principle. Now if a certain variation equals zero, this is precisely the same 
as to say that some integral must be maximum or minimum; that is what the cal- 
culus of variations was invented for. And variations must be used only for the 
reason that the integrand contains dependent functions, such as y, and their deriva- 
tives, so that plain calculus rules of maximum and minimum cannot very well be 
applied. 

Now here is what Ritz proposes. In place of the dependent function (such as 
y), let us substitute the following tentative expression :— 


Yn =A + Qobo+....4+4,%, (1) 


where aj, a, etc., are certain constant coefficients; ¥, 2, .... are certain functions, 
of x only (or of whatever the independent variable happens to be) ; and 7 only means 
the number. of terms we wish to assume: for rough results m may be 2 or 3 so 
that, for instance, the assumed value may be simply— 


Yo= 01% + Az Vr } 


or, for greater precision, 7 may be as high as we please. The form of the functions 
y (or » (#) as they are sometimes denoted) is rather immaterial, so long as they 
answer the end conditions in the same manner that y itself would; although some 
forms may be preferable to others, from the standpoint of labor saving. 

As soon as the expression (1) has been substituted into the definite integral, 
which is generally of some such form as 


S=f Fle» 9, 9) de (2) 


the latter, as regards the variables of the problem, becomes merely a function of its 
limits. The only quantities which we can adjust to the end of having such integral 
become a maximum or a minimum will be the coefficients a, a... da, regarding 


*The following articles have been drawn upon, or consulted, in compiling this chapter:—W. Ritz, 
“Ocuvres,’ Paris. 1911. Kryloff, Sur.... la méthode Ritz, C. R. 1917, p. 853. H. Lorenz, Physik. 
Zeitschr., xiv, 1913, p. 71. T. Péschl, Physik. Zeitschr., xiv, 1913, p. 410. Professor Timoshenko, “Elas- 
ticity’ (Russian), 1916. 
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which nothing has been said so far ; they will temporarily play the part of independent 
variables in completing our problem, and, according to the ordinary rules of finding 
maximum and minimum of functions with many variables, we must find derivatives 
of the given expression with respect to each of these independent variables, and put 
it = 0; so that we shall have (according to the choice of 1)— 


d d d 
dS’ = ; = S =O : = as =@Q 5 
da, aay da, 
from these equations we can find the actual values of the coefficients a, a, . .. an, 


which solves our problem, because we thus have everything we need to make the ten- 
tative solution (1) the required actual solution of the problem. As a matter of fact, 
working out the variation of the original integral would not have led us to a solution, 
but only to a differential equation, which we would then have to solve; whereas, by 
applying Ritz’s method, we both avoid the method of variations and at the same 
time find the solution of the problem itself. 

“A mere engineer’s method!” exclaimed M. Poincaré, with a touch of some- 
thing that might have been interpreted as the usual contempt of a man of pure 
science for a practical man; “except,” added he, “that Ritz has supplied an actual 
rigid proof of the fact that, when m is large, the result can approach the exact solu- 
tion as close as we please.’’ This proof, by the way, is the main difficulty of the sub- 
ject, as well as the most brilliant part of Ritz’s investigations. If the reader is suffi- 
ciently advanced in variations and in the theory of functions, he will greatly enjoy 
Ritz’s original memoirs. We shall limit ourselves to practical problems. 

2. Completion of the Problem Begun under “Virtual Work.”—In our attempt 
to find the solution of this problem, that is, an expression giving the deflection, y, in 
terms of the abscissa, + (or & since the variable was changed, for convenience, ac- 
cording to the condition + = £1), we arrived at the following definite integral :— 


7 I 5 d? 2 I 
[Ley trea] 
of which we were to find the maximum or minimum value—a typical problem of cal- 


culus of variations. However, in accordance with Ritz’s principle, let us try a tenta- 
tive substitution :— 


y, =a pally os ok a aye 


where y;, 2, etc., will be certain functions of £, the choice of which is more or less 
arbitrary, as long as they answer the same end conditions as y itself would; the 
proper form will be suggested presently. Now the coefficients a, a, etc., constant as 
they are, will be chosen so that the value of the integral S,,, with y,, substituted in it 
(for y or its derivatives), will be a maximum or a minimum. Since the integral S,,, 
with the new value, y,, substituted in it, is no longer a function of +, but only of the 
limits, the only variables we have, by which to adjust the value of S,, are the coeffi- 
cients a, a, etc., which, once properly selected, become constants, once and for all, 
in the solution-to-be-derived, y,. But they are independent variables, in the process 


ON VIBRATIONS OF BEAMS OF VARIABLE CROSS-SECTION. 133 


of finding the conditions under which the integral S,, becomes a maximum or a 
minimum. Hence all partial derivatives of S,, with respect to a, a, etc., must be 
put =o. 


dS dS, dS. 
SO)S SSS 0) on lc 7=0. 
da, ” day : da, 
From these equations the coefficients themselves, a, a,... @,, Will then be found, 


by method of determinants or in any desired manner. The functions y,, YW, etc., can 
be chosen in a great variety of manners. In the present case we shall take them in 
form of polynomials :— 
y, =(E-1)(atamb+ae+... a5" 
or, limiting ourselves to 1 = 3, this will be— 
Ys = (E-1)? (a1 +a & +a £") 
or, in a different form, 


y= ay (£1)? 4ax(E-1)® E+ ay (£-1)° 2 


Indeed, it is easy enough to see that on the right end of the beam, where £ = 1, 
this expression satisfies the condition of both y and dy/ dé being =o. 


2 
On the left end the condition EJ =o (the bending moment equals zero), 


is automatically fulfilled by the fact that the moment of inertia, J, itself vanishes at 
£ = 0, owing to the triangular nature of the beam profile. 

Substituting this value of y2 into the integral S, and differentiating with respect 
to di, d2 and as, we have the following system of linear equations :— 


a(r+X)ta(2+%)+a(2 a ) == 

30 SROs ZO 12 

A _ bo, (ees) cae (2) nya 
5 105 5 280 yeXe) 3 


O 

eal = = 2 y_\ 2 

a (S40) +a 7 * 630 Nee 35 | 1260 60 
Assuming y = 10 we have the following expressions of the constants ai, az, 


ds in terms of A :— 
di = .05869 2; a2 = .00134; a, = — .002164A; 


and if y is taken = 100, then 
G1 == .O1251A; dz = .0212A; as = .000792. 
Had we taken n — 2, that is, had we limited ourselves to two terms in the expression 
of y, v2 ad: + azé, the results would have been as follows :— 
tia i= LO} a1 = .0589 2; a2 = .00946A. 
i T1OO} ds = .O124.A; a2 = 02182. 
Had this elastic line been established according to exact methods, the discrep- 
ancies would have been proven not to exceed I to 2 per cent, for both the deflection 
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and the maximum bending moment, at least for greater values of y; this will indi- 
cate that the precision of Ritz’s method is sufficient for practical applications even 
if m is not great. If the moment of inertia at the left end of the beam is not —o0, a 
different expression -for y will have to be chosen, so that the end conditions (the 
moment and the shear both vanish) :— 


(FS) 20783 (eh re 


Here the form of the functions y may be taken as follows :— 


are satisfied. 


y= a (2-4 ee Et) 4 an(E— 44 98) bas (E2848). 


This type may be applied to all cases where the beam depth is varying according to 
a law of straight line or of parabola, that is when 
h=h+ (hh —I) E, 
or when 
yn + (ho ways hi) ee 
Having thus found the necessary coefficients, a1, az, etc., we can change the indepen- 
dent variable back to x, and then write down the first answer giving the deflection, y, 
in function of the abscissa, +. 
3. Vibrations of Beams with Variable Cross-section.—The fundamental varia- 
tional equation of motion can be formed as follows :— 
Let V be the potential energy. 
1 the length of the beam, 
y the deflection on abscissa +. 
y the weight of 1 cubic foot of material. 
F the area of cross-section. 
E the modulus of elasticity. 
J the moment of inertia of the cross-section. 
Then, expressing the fact that, for any virtual displacement, the work of the inertia 
forces (= (-m a is always equal to the corresponding increase of the potential 


energy, we can write— 


Sv +f by. — =e dx =o 


Remembering the expression of potential energy of bending in terms of y, assuming 
also that y changes according to some such law as— 


y = const. x cos pt 


(in other words, introducing the frequency-constant, p) we can reduce this expres- 


sion to 
‘ aoe Fe |e it 
es ey aes I 
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As has been explained above, the fact that a variation of a definite integral is =o 
means that the integral itself must be either maximum or minimum. Therefore our 
problem is reduced to finding maximum or minimum of the integral— 
TE TS /a iN oes ‘| 
Ses fea) iy Sn? ae =S: (Say), 
Ss (ae) Ye. (say) 
observing, of course, the end conditions. 
We shall avoid the methods of the calculus of variations, also secure a direct 
solution, by again applying Ritz’s method, that is, by assuming, tentatively— 


Vn = A, V1 + Qo Pot... AnWny 


where YW, yx, ...'v,, are functions of x, and the coefficients, ai, a2, .... @,, are, in 
_ broader sense, special coordinates ; by assuming a certain n, we transform the system 
into one with, as it were, m degrees of freedom. These coefficients, a1, a2, .... Any 
are found from a system of equations— 
dS, i dS, 
SS$=0;.,505 = =05 
da, da, 


each of which is a partial derivative of the integral with the assumed value y, sub- 
stituted in it, made equal to zero, in our attempt to find such values of a, etc., that 
the integral S will be a maximum or minimum. Here we also start with the assump- 
tion of a certain form for y, the deflection, as above, but our real object is to find 
the frequency constants of various modes of vibrations, as will be made clear through 
the following examples. 

As an example let us take a clamped wedge, whose width is constant and whose 
depth varies according to the law of an equilateral triangle, the depth initially being 
— 0, and increasing to 2b at the clamped end. Let us take the origin at the left, 
free end of the beam, whose length is /, the axis, y, of deflection, being, of course, 
directed downward; let us introduce the substitution + = &/, so that the integral be- 
comes, upon substitution of the variable values of the area and the moment of 


inertia— 
s.=f PE... 8 (Se) -eeoe|ae. 


As regards the end conditions, the following remarks can be made. At the left 
end both the bending moment and the shear vanish in view of the pointed nature of 
the beam. At the right end the deflection and the angle of the elastic line with the x 
axis are both = 0; that is— 


oe). tes 


The tentative expression for y, may be taken of the same form as above :— 


y=(€-1)? (mtmétasi?+...). 


Indeed, when = 1, both y and its derivative vanish. 
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The first approximation may be obtained by limiting ourselves to the first term 
of the expression y”, that is, by making m1. Then 


2 
y, =a,(&-1)? and —45= 2a). 


Substituting these values into the integral S, we have, on integration— 


Here there is only one derivative to be taken for establishing that value of a: which 
will make the integral maximum or minimum. 


From dy =o we find— 
ay 


6 |toRg b Eg 
=> — = . os 
ME) a ce Bay 
This result differs only by about 3 per cent from the exact answer, worked out by 
other methods, more difficult and not applicable to more complicated problems of 
this nature, where Ritz’s method is of especially great value. 
By way of second approximation let us make m — 2, that is, assume 


yo = (E-1)? (ai+m@é), 


whence— 
a? yo 
ake 
Substituting into the integral we have, carrying out the ee oe 


2 
wn BEE [enone Man-naesat] 9 (Bettas) 


= 2 (ai = 2a Bias y 


Equating to zero the partial derivative of this expression as to a, and a, that is, 
dS; dS; 
day a2 
2 P 2 2 
io a fo) at i: le) OF NB ) ax= 03 

Teena 2 


=O, we have— 


Sele 105 
GP 2 2 2 2 
(ee Ais ) a+ (2 Bg O28 ) a=. 
i ya ai OS, BM BI 2so 
Such a system of equations can have the values of a: and az different from zero 
only upon the condition that the determinant of the coefficient is = 0, that is, ii— 


(424 e\ (ase Be oe b? 9, 


Ps My) 30/).\5 Vy a2 Se RY Bb 205 
whence we have two values of p*. The smaller value of p, corresponding to the fun- 
damental tone, is 


6b Eg 
be 5: 319 E- ay” 
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which is still nearer the exact solution :— 


The other root would give the first overtone, but with less accuracy. If greater 
precision is desired for harmonics, it is necessary to take larger values for n, whereby 
more unknowns to find and a higher order of the corresponding determinant. 

4. Hull as a Free-free Bar.—Applying Ritz’s method to the problem of find- 
ing the fundamental tone of free vibrations of vessels let us consider the hull as a 
free-free bar of variable cross-section, irregularly loaded. 

Let both the curve of moments of inertia and the curve of loads be parabolic 
curves, symmetrical with the middle of the ship, which will be our origin; let the 
length be = 2/. The moments of inertia will be given by— 

J= Jo (1 = bx’). 
Also the load curve will be 
F = Fo (1 = 62"), 
where 0 and c are suitable constants. 
The tentative substitution will be of the same form:— 


Yo = ay Wb; + ae be, 
limiting ourselves to but two terms; the form of the functions y; will be taken as 
follows :— 
Rx 
l 
V cos? k; + cosh? k, 

where the transcendental equation for k; will be 

tank + tanhk =o 
(thus y, will be recognized as an even normal function for the case of a free-free 


prismatic bar.) 
These functions, y;, will be easily seen to satisfy the end conditions— 


(4) eat (4) r0 


In order to simplify writing let us assume— 


LAE: 
Aa ee ee 
Ni era i Ee 


° 


cosh £; cos + cos &; cosh oe 


Apes 


also 


+1 +1 5 
f( 1— 0x) Wi pj dx = ay 5 ii t-cx) Wp; dx = By ; 
=i =i 


so that the partial derivatives— 
dS, =O: dS, 


*—=0O7 etc, 


da, ‘ d as 
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can be written simply as— 

3 4, (ay— A4By) =O 
The first two roots of the transcendental equation— 


tank + tanh k =o 


are— 
ki =0 and kz: = 2.365. 
So that— 
ox Key x 
Be cos &£, cosh me cosh £ cos a 
Wy = const. ; Yo = a : 
j [? 2 2 
V cos? ky + cosh? R, 


To the first term of the series will thus correspond a bodily displacement of the 
bar (no bending’) ; the second term will mean a certain elastic curve corresponding 
to the fundamental tone of a free-free bar. 

If y,=1/¥V 2, the values of a and @ will be as follows: a, =0; a2 =0; 


l 
sith (Gees a) 2 (aoe G3 a SU t= » Ain @P))° 


and our maximum-minimum conditions will be:— 


vi 
am = f (1- bx?) (pa')?dx = 3428 (1 — 087 41”); 
—l 


a (an-ABn) + a (G1 -ABx) = 05 
&(G2—ABy) + a2(A2—-ABx») =O. 
In order that a: and a2 may not be identically = o, the determinant must 
vanish; hence, since a, = a.) =0, 
2? ( _ Bas! ) — 1, <4 =6, 
Bu Boo Boe 


The first root (4 =o) means a non-vibratory displacement; the second root, 


pee eee is 
Boo I 2 
Bu Boo 
will determine the frequency-constant of the fundamental tone through— 
| Ama 
7 Nae 


In Professor Timoshenko’s treatise, from which this problem has been adapted, 
the following practical illustration is given (in round figures) :— 
Let the characteristics of a 5,000-ton vessel be :— 


lbs. 


=, 9 = = Se 
me C= B70), < Wes 


Ay) = BA) Tht 48 Ip 3 ABO) 1 8 JPY ee Th lear 
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The displacement will then be— 


D = 2% 1437 + 32-16 


4 
2240 i) (1 —.0000279 x’) dx = about 5,100 tons. 


We first calculate the coefficients :— 


; Bu=123; Br=36.6; Bo2= 104.7 


a= 6.46 x 10° 


Then 
A = 6.97 x 10%. 
And, if 
lbs. 
E = 4.32 x 10° 7a: 


the frequency-constant will be p = 23.5, so that the corresponding number of revo- 
lutions will be (about )— 


N= 882) R PM 
27 


This example is given, of course, only for the purpose of illustrating the work- 
ing of the method; it involves integration by parts of the easiest kind possible. 

In actual practice neither the load curve nor the curve of moments of inertia is 
parabolic or symmetrical. It becomes necessary, therefore, to resort to graphical 
methods, perfectly evident, in working out the expressions of a’s and B’s. It will be 
remembered, of course, that in integrating the product of two curves it is necessary 
to plot an additional curve, of which every ordinate is the product of the correspond- 
ing ordinates of the two curves; then ordinary methods can be applied, planimeter, 
Simpson’s rule, etc. 

After the a’s and 6’s have been found, the problem is completed exactly as 
above. 

The values of the hyperbolic sine andcosine will be found in Smithsonian Tables 
or in Mellor’s “Higher Mathematics,’ where also an easy exposition is given of the 
elements of the general theory of hyperbolic functions and their applications. 

5. Remarks.—The importance of a practical method whereby to find an approx- 
imate value of the fundamental frequency cannot be overestimated; anyone inter- 
ested in designing a ship, in its construction or equipment, would naturally give 
almost anything to know, beforehand, the rotative speeds, from which to keep away, 
in specifying or installing all machinery. 

In reviewing various causes to which forced vibrations may be due one is some- 
what surprised to see that the effect of skin friction has been rather overlooked; yet 
it is not unlikely that this may start longitudinal vibrations, in much the same man- 
ner as a violin bow in a steel rod clamped in the middle. 

_ Another point which is mostly overlooked is the question of balance. Dr. 
Schlick and others explain vibrations by everything under the sun—the transverse 
couple, the unbalanced forces or couples of the reciprocating mechanism; the slight 
difference of pitch of the propeller blades; the wrong number of blades; too little 
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free space between propeller tips and the hull; in fact, everything but plain static 
and dynamic unbalance. The latter may be considerable, and it is not clear why one 
should look for any other causes before this, most immediate, source of trouble, so 
easy to detect and to-remove, has been looked into. 


DISCUSSION. 


Tuer PRESIDENT :—This paper, No. 8, entitled “On Vibrations of Beams of Variable 
Cross-Section,” is now open for discussion. Is there any member who desires to say any- 
thing in connection with this subject? 


CoMMANDER WiLLIAM McENntTEEr, C. C., U. S. N., Member:—As | received a copy of 
this paper only two days ago, I have not been able to give it the careful study which it merits. 
From experience I have had in measuring vibrations on naval vessels I can heartily endorse 
the statement made by the author on page 113 that the hull of a ship vibrates as a beam 
and not as a string.’ 

In connection with the general subject, I would like to inquire of the author whether 
he has read the valuable papers on the subject of ship vibrations by Dr. Gumbel published 
in the Jahrbuch der Schiffbautechnischen Gesellschaft in 1902 and published in the Transac- 
tions of the Institution of Naval Architects in 1912. In those papers Dr. Gumbel gave two 
very valuable rules connecting the frequency of vibrations and the lengths of similar ships. 
These are as follows:—(1) The frequency of the natural periods of vibration for similar 
ships are inversely proportional to the linear dimensions. (2) The product of the frequency 
and the length of the ship are constant for similar vessels. Dr. Giimbel states that, in the 
measurements made by Schlick on the German cruiser Vineta, the number of first order ver- 
tical vibrations per minute multiplied by the length of the ship in feet was 45,300. 

In measurements made on the battleships Kansas and Arizona, I found on the Kansas the 
first period vertical vibration had a frequency of 101. As the ship’s length between perpen- 
diculars is 450 feet, the product is 45,450. On the Arizona, the length of which is 600 feet 
between perpendiculars, the first-period vertical vibration had a frequency of 76, the product 
being 45,600. This agreement, with Schlick’s results on the Vineta, is remarkably close. 

For second-period vertical vibrations I found on the Kansas, and on her sister ship, the 
Minnesota, the frequency to be 220. The Minnesota was fitted with a four-bladed propeller. 
The second-order vertical hull vibrations occurred when the engines were making 55 revolu- 
tions per minute, whereas on the Kansas, which was fitted with three-bladed propellers, the 
same vibrations appeared when the engines were making 73 revolutions per minute, thus in- 
dicating clearly that the vibrations were due to the propeller blades. 

These vibrations were not due to the unbalanced forces’of the engines themselves, for 
when the Minnesota’s engines were run with propeller uncoupled, no vibrations appeared 
either at 55 or at 73 revolutions. It is interesting to note that the ratio between the first 
and the second period vibrations on the Minnesota was 2.2. This may be compared with the 
figures given by the author for the vibrations of a free bar of uniform cross-section. 

We disconnected the propellers in the Minnesota to run the engines uncoupled, and found 
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no vibration due to these two speeds, so that the vibration could not be due to the recipro- 
cating forces of the engine. 

The measurement of vibrations on the Minnesota was brought about by. the fact that 
considerable trouble had been experienced with shaft breakages on battleships of this class, 
which it was thought were fundamentally due to hull vibrations and lack of rigidity in the 
engine and shaft-bearing foundations. 

I was a member of a board which conducted tests both on the Minnesota and the Kansas 
to ascertain, if possible, the causes for the shaft breakages. The results were very interest- 
ing and will no doubt be of interest to the Society in connection with the general subject of 
ship vibration. On both ships at engine speeds of 80 to 81 revolutions per minute there were 
found to be marked vertical hull vibrations with a frequency of 320. As the engines were 
triple-expansion engines with two low-pressure cylinders, that is, four pistons and cranks, the 
vibrations could possibly have been due to the unbalanced forces of the engines; but as the 
period at which the trouble was experienced did not agree with any natural period which 
could be expected from the hull structure, an investigation was made of the possibility of tor- 
sional vibrations in the shaft. 

The results were very interesting. At the critical speed—that is, about 80 or 81 revo: 
lutions—there was found, by means of a torsion meter which would record the torsional 
stress in the shaft during a complete revolution, that, when the shaft was transmitting a torque 
corresponding to a mean maximum sheering stress of 3,000 pounds per square inch, the shaft 
was in torsional vibration so that the real stress in it varied from 3,000 pounds negative to 
12,000 pounds positive. In other words, there was a complete reversal of stress, and the 
maximum positive stress was four times that which could be expected from the mean load 
transmitted. This reversal stress occurred 320 times a minute and readily accounted for the 
breaking of the shafts. 

This torsional stress, when reacting through the crank pins on the connecting rod and 
pistons, resolved itself into bending stresses on the crank shaft. This, transmitted through 
the engine frame and foundations, resulted in the forced hull vibrations which were, of 
course, caused by the shaft. Instead of the shaft breakages being due to hull vibrations they 
were due to torsional vibrations of the shaft, and the hull vibrations were a symptom, not 
the cause of the disease. 

This torsional stress on the shaft, as I say, reacted through the crank pins and connect- 
ing rods and resolved itself into fore-and-aft bending moments on the crank shaft. 

This, in turn, was transmitted to the hull and caused the hull to vibrate at the same 
period as the torsional vibration of the shaft. 


Tue PreEsIDENT :—Is there anyone else who has anything to add to this discussion? 


Mr. E. H. Rice, Member:—Mr. Chairman and gentlemen, the Society is to be congratu- 
lated on Mr. Akimoff’s paper, because it is one which treats of an extremely difficult subject. 
Most previous investigations have been confined to the balancing of the engines, that being a 
field in which a great deal of work has been done. The Transactions of this Society and of 
kindred societies contain much interesting literature on the subject of balancing engines, and 
the art is thoroughly well understood at the present time. 

Commander McFEntee referred to some interesting investigations; perhaps, as a matter 
of record, I may say that the results of those or similar investigations were published in 1912, 
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in a paper contributed to the Institution of Naval Architects by Dr. Gumbel, who there gives 
further references to similar work in French and German publications. 

It is of great interest to hear from Commander McEntee how this method has been veri- 
fied by experience in our Navy. 

The following list of references may prove useful. 

From our own Transactions :—‘‘Balancing of Marine Engines”; 1901, Rear Admirals 
D. W. Taylor and G. W. Melville, U. S. N. “Vibration of Steamships’; 1902, Rear Ad- 
miral G. W. Melville, U. S. N. “Period of Vibration of Steam Vessels’; 1915, W. Gate- 
wood. 

From the Institution of Naval Architects, London :—‘‘Torsional Vibration of Shafts”; 
1902, Dr. L. Giimbel. “Our Present Knowledge of the Vibration Phenomena of Steamers” ; 
1911, Dr. O. Schlick. ‘Torsional Vibrations of Elastic Shafts of Any Cross-section and 
Mass Distribution, and Their Application to the Vibration of Ships’; 1912, Dr. L. Gumbel, 
“Some Experiments on the Influence of Running Balance of Propellers on the Vibration of 
Ships’; 1917, J. J. King-Salter, R. C. N. C. 


Caprain W. Hoveaarp, Member (Communicated) :—Mr. Akimoff’s paper is of great 
value to the profession, as it affords an excellent introduction to the problem of vibrations, 
giving a comprehensive and yet brief view of the present status of the science. His exposition 
of Ritz’s method is of great interest in that it enables the naval architect to deal in a relatively 
simple manner with the most complex problems that are likely to occur in the study of deflec- 
tions and vibrations of ships. : 

In the discussion of the principle of virtual work, Mr. Akimoff refers to the problem of 
finding the elastic line for a ship in dock. This is a subject to which I have given consider- 
able study, and my general impression is that when a ship is well supported it does not, 
except for the overhanging parts at the ends, take any appreciable deflection as a girder. It 
behaves more as a limber body with rather insignificant deflections determined chiefly by the 
local distribution of the weights in the ship and of the keel blocks. Thus points of increased 
compression of the blocks are likely to be found at each of the main transverse bulkheads. 
This remark applies in particular to large vessels and where the total area and distribution 
of the blocks are in accordance with good practice. The deflection of the overhanging ends 
may be considerable, but will rarely cause excessive general strains in the structure. The 
deflection of such parts can, of course, be determined graphically by the theory of bending. 

It would be of interest to know more definitely what Mr. Akimoff means by “plain static 
and dynamic unbalance” to which, on the last page of the paper, he ascribes vibrations. 1 
confess I belong to those who believe that vibrations are due chiefly to the action of the en- 
gines and the propellers. 


ComMANDER J. J. Mannine, U. S. N. (Communicated) :—On a ship at sea, steaming 
at normal speed, I have noticed in some cases very little vibration up toa certain point. At 
this point, termed “critical speed,” which I have noticed, while standing watch on the bridge 
(located one-half the distance between the center, or amidship section, and the bow), the 
vibration is excessive, having an amplitude, I should judge, anywhere from one-half inch to 
one inch. 

One particular instance I recall. While officer on the bridge at sea, on one of our battle- 
ships in fleet formation, we suddenly lost one blade of our starboard propeller. We were 
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steaming along at a speed of about 15 knots. The minute the blade dropped off a tremendous 
vibration was set up, and, judging from the difficulty experienced in standing perfectly rigid 
on the bridge, the amplitude of the vibration was at least one inch. I also found, from prac- 
tical experience, that the vibration is always in the vertical plane and never in the horizontal 
plane, no matter what the cause of this vibration may be. 

I have noticed, in some of our cruisers, that the reciprocating generators in action will 
cause considerable vibration while the ship is dead in water. It seems that at certain times the 
vibration of the machine itself would get into synchronism with the vibration of the ship 
and accelerate it to such an extent that it would be felt in the after end of the ship and in the 
forward end, but would not be very noticeable amidships. This is the case in all ships whether 
steaming or at anchor, that is to say, the vibration is excessive at the extreme ends, but 
very moderate amidships. 

I can personally recall hundreds of instances where the above has occurred on board ship 
during my career in the service. 


Pror. S. E. Stocum (Communicated) :—Mr. Akimoff’s article on “Vibrations of Beams 
of Variable Cross-Section” affords an interesting summary of the methods applicable to prob- 
lems of this type. There is one general method, however, which does not seem to be men- 
tioned, but which is of such importance that it should certainly be included in the summary, 
namely, the application of Fourier’s integral or Fourier’s series. 

The method generally followed in mathematical physics is to state the physical condi- 
tions underlying a given problem in the form of a partial differential equation. Such a differ- 
ential equation is of course simply a symbolic statement of the problem and can usually be 
written down without difficulty. Its importance lies in the fact that when once formulated 
it presents the conditions governing the problem in a functional form and therefore involves 
implicitly not only the known facts from which it was obtained but also the unknown cir- 
cumstances attending the phenomena. 

It is usually possible to find by trial, or otherwise, a set of particular solutions satisfy- 
ing the given differential equation. From these there may be selected a set which also satisfy 
the given boundary conditions of the problem. In the case of a vibrating rod, these boundary 
conditions would be the end conditions of the rod as determined by its restraints, etc. 

Now it is evidently possible to form a series of terms from these particular solutions 
such that this series will satisfy the original differential equation and also the boundary con- 
ditions of the problem. Also, as in the case of Ritz’s method, the more terms this series in- 
cludes the more nearly will the solution it represents approach the general solution of the 
problem. An infinite series of such terms, provided it is convergent, can thus be made to 
define a function which is the required general solution of the original differential equation. 
Now Fourier’s integral is an expedient for determining the function defined by such an in- 
finite series of terms, and therefore affords a method for determining the function represent- 
_ ing the general solution of the given partial differential equation. The use of Fourier’s in- 
tegral, which is a limiting form of Fourier’s series, thus provides a powerful general method 
which has a wide application to problems of the type here considered. 


Lieut. W. L. Kraemer, U. S. N. (Communicated) :—In reading over an advance copy 
of the paper on “Vibrations of Beams of Variable Cross-Sections,” by Mr. N. W. Akimoff, 
a few points that might be relative to the discussion are mentioned, that is, that with a ship 
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traveling at speed the depth of the water in which the vessel is running has a distinct bearing 
on its trim. A ship running at speed in very shallow water will drag down at the stern more 
than when running at the same speed in a greater depth. 

Also, in most previous cases of observation of vibration, the period of vibration has been 
observed while the ship was made fast to a dock with the machinery running, as in the case 
of a dock trial. 

Would not the method of securing the ship to the dock, and also the position of the 
helm, have a distinct bearing on the stresses Basking in the vessel, and therefore a bearing on 
the period of vibration? 

These two observations are submitted merely with a view that, in the discussion of this 
paper, they may have some bearing on the subject. 


Rear Apmirat C. W. Dyson, U. S. Navy (Comorian teatiea') :—I have read through 
the paper on “Vibration of Beams of Variable Cross-Sections,” prepared by Mr. Akimoff, 
but am sorry to say that my time is so fully occupied that I have not been able to make such a 
study of the paper as its character justifies. 

I can say, however, that for some time back we have been balancing turbines, and in 
some cases propellers, for our vessels, following in general the method pursued by Mr. 
Akimoff and at times employing Mr. Akimoff to conduct the balancing test. In all vessels 
where this balancing has been accomplished and the vessels have been tried in service, the 
lack of vibration experienced has been very noticeable as compared with previous vessels. 


Mr. F. Hymans (Communicated) :—In the science of dynamics there is no more fas- 
cinating subject, nor one of greater importance for the engineer, than that of the motion of 
elastic systems. According thereto, an elastic system moves as if it were perfectly rigid, 
superposed by a motion of its constituent parts relative to each other. 

Take for example a wheel rolling on a rail. Each of its material points tends to describe 
cycloidal paths, with velocities, which within each revolution continually change in magnitude 
as well as in direction. These changes are only then possible when each material point is 
subject to certain forces exerted upon it by the surrounding matter, and we recognize that, 
while the body rolls, the stresses in each of its material points must vary to correspond to 
the motion impressed upon it. 

But a stress is always accompanied by a deformation, and hence, while a wheel rolls, 
there occurs a continual change of figure of the wheel as a whole, which we call a vibration. 

How many who have looked upon a rolling wheel have been alive to the fact that there 
is internally a continuous process of readjustment going on, in the endeavor of the wheel 
actually to roll? 

‘And so it is with most machinery in motion. Superficially the appearance is that of 
equilibrium, yet in reality equilibrium is seldom the fact; and upon closer investigation we 
see that ever-changing conditions occur which set up internal stresses and become manifest 
in vibrations if these changes occur rapidly enough. 

In the majority of cases, as in the example of the rolling wheel, the vibrations in ma- 
chines are set up by inertia forces; that is to say, they are due to certain motions impressed 
on its material points. If so, the forces corresponding to the impressed motions pass within 
given intervals through one and the same cycle, and are therefore periodic. Now we know 
that if the frequency of these forces is the same as the frequency of the free vibration of the 
system, the vibrations set up by them will be extremely severe. 
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This is what we call resonance, and the explanation of the phenomenon is as follows :— 
Let a material point vibrate with the constant frequency f, but with amplitudes which 
also depend on the time, and let its velocity v be expressed by— 


O— /f(Orsiny2 wut: 


We are here not concerned in the precise form of the function f(t), but make the stip- 
ulation that it is positive for any value of the time f. 

The frequency f is of course the frequency of the free vibration, for in the absence of 
external forces nothing must change, except that the function f(t) becomes a constant. Let, 
further, the above vibration be excited by an external force of the same frequency f, and ex- 
pressed by 

Te = vl Sit) 2 Ui 


The rate of work done by the force P on the material point is Pv, for which we obtain— 
Pu=f(t) sin? 2 aft 


an expression of which the smallest value will be zero, but which never becomes negative. 
But if the rate of work done on the material point never becomes negative, the energy 


Jf Pudt absorbed by it will indefinitely increase with time, which is equivalent to saying 


that the vibrations will occur with ever-increasing violence. 

Thus we see that feeble periodic forces in resonance with the free vibration will with 
time—and only then—exert effects altogether out of proportion with their magnitude. 

And it follows that a machine may be run at a speed higher than the one which brings 
about resonance, provided that it is passed through the critical speed fast enough. A cele- 
brated example of this is the starting up of a De Laval steam turbine. 

In the foregoing, damping of the vibrations has been left out of consideration. With 
damping the statement should be modified to say that at resonance the energy absorbed by a 
vibrating system increases with time until a point is reached where the work done by the ex- 
ternal force on the system is equal to the energy dissipated by it. 

Therefrom we see that vibrations are maintained by the expenditure of a given amount 
of power which, in case of ships, must be supplied by the propelling machinery. 

From whatever point of view we look at it, one of the most important questions in naval 
engineering is the predetermination of the periods of free vibration of the hull. 

As an example, it may be cited that in the two-cycle Diesel engine ship, the Monte 
Penedo, designed initially for an engine speed of about 154 revolutions per minute, the 
vibrations at that speed were such that the speed had to be reduced to about 135 revolutions 
per minute. | 

We are therefore greatly indebted to Mr. Akimoff for his paper, wherein he shows that 
the necessary mathematical apparatus to deal with such problems already exists. 

_ With particular reference to Timoshenko’s application of the Ritz principle to the cal- 
culation of the periods of free vibration of a ship, it should be pointed out that the funda- 
mental variational equation and the subsequent operations are true if the following condi- 
tions are verified. 
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1. That the axis of the bar, when without stress, is straight. 

2. That a cross-section of the bar is not sensibly altered in its internal arrangement in 
the bending. 

3. That the bending consists of a rotation of each cross-section around an axis passing 
through its center of gravity. 

4. That the kinetic energy due to the rotation of the material points of each cross-sec- 
tion around the above axis may be neglected. 

5. That the potential energy of shear is negligible. 

6. That the deflections are very small. 

In the application to vibration of ships, the following of the above conditions are surely 
not verified. 

1. The axis, being the line joining the centers of gravity of the cross-sections, is not 
straight. 

2. In a beam, consisting of cross-sections as we have in a ship, shear must play an im- 
portant part, neither can it be assumed that the cross-sections remain plane without sensible 
alteration of their figure. 

The above statements are made for the single purpose that we should not expect too 
much of an agreement between calculation and actual results. But even so, it surely is a 
remarkable achievement to be able to determine the periods of free vibration of as compli- 
cated a structure as a ship if only with a fair degree of accuracy. 

As to the propelling machinery for ship of average size, the contending systems to-day 
are the steam turbine and the Diesel engine, the latter in the writer’s opinion a sure winner 
in the near future. 

Thanks to Mr. Akimoff’s paper and enterprise, turbine rotors are to-day balanced stati- 
cally as well as dynamically. While therefore initially we start off with ideal conditions, it 
nevertheless remains true that wear of the turbine blades takes place and so gradually de- 
stroys the perfect balance. With Diesel engines, on the other hand, periodic impulses to the 
ship’s hull may be minimized with good design, but cannot altogether be avoided, no matter 
what we do. ' 

In an unbalanced turbine rotor the horizontal and vertical components of the forces set 
up by its rotation are equal in magnitude, and each of them is capable to excite vibrations. 
With this type of propulsion, therefore, it is necessary to ascertain the periods of the free 
transverse vibrations of the hull in the horizontal as well as in the vertical plane. With 
Diesel engines the horizontal component of the inertia forces is small and can be taken care 
of, and we are therefore mainly interested in the period of the vibrations in the vertical plane. 


THE PRESIDENT :—I think the thanks of the Society are due to Mr. Akimoff for his 
paper, and if he will accept the same without a formal motion, we will be glad to tender our 
thanks to him. 

REAR ADMIRAL Francis T. Bowes, Past President:—I trust, Mr. President, that you 
and the members of the Society will pardon a momentary interruption of the regular proceed- 
ings. I have received to-day a copy of a report made by the Shipping Committee to the National 
Foreign Trade Council on November 8. This report is signed by Mr. James A. Farrell, Mr. 
P. A. S. Franklin, and Mr. Robert Dollar, and it presents so clearly and so thoroughly the 
great problem facing this country in the utilization of the 11,000,000 gross tons of merchant 
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shipping now under creation by the Shipping Board that I venture to suggest that this report 
be printed as a part of the preliminary proceedings of this meeting, and that the Executive 
Committee be authorized to transmit copies of this report to all members of the Society. 


THE PRESIDENT :—Is that motion seconded? 
REAR ApMIRAL W. L. Capps, U.S. N., Vice-President:—I second the motion. 
THE PRESIDENT:—The motion has been duly made and seconded that this report be re- 


printed by the Society, and a copy sent to each of the members. All in favor of the motion 
say “Aye”; contrary-minded, “No.” The motion is carried. 


REPORT OF THE COMMITTEE ON MERCHANT MARINE, NATIONAL FOR- 
EIGN TRADE COUNCIL. FIFTH ANNUAL MEETING, BILTMORE HOTEL, 
NEW YORK, NOVEMBER 8, 1918. 


As the National Foreign Trade Council assembles in its Fifth Annual Meeting, the civi- 
lized world is alert with the hope that it has come at last almost to the threshold of re-estab- 
lished peace. The enemy’s power of resistance is not yet wholly broken, and it may be that 
we shall be required to endure some months more of hard fighting and sacrifice before it 
collapses completely. But we are certain that it has been very greatly reduced and that it is 
destined in the not far distant future to full overthrow. 

Concurrently with the restoration of peace there will confront the United States, as 
there will confront the other nations of the world, an array of weighty problems which, by 
common impulse, have been described as “problems of reconstruction.” It is already clear 
what some of these problems will be. Others no doubt will manifest themselves only as con- 
ditions of actual peace develop. Many of them will be but variations in degree of problems 
with which we have labored throughout the war. It is clearly the part of wisdom and duty 
for all of us to make what preparation we can for the enduring solution of such of these 
problems as we now know are certain to confront us. 

At the head of the list is the question of the Merchant Marine. Just as ships consti- 
tuted the first problem of our participation in the war, so will ships constitute the first factor 
in our great task of reconstruction. It made no matter how many men we raised and equipped, 
or what supplies, what guns, what munitions, what airplanes and other paraphernalia of war 
we prepared. They were separated by nearly 3,000 miles of ocean from the place where 
they could render effectively the service for which they were provided, and without ships to 
transport them, they were all useless and a waste of effort. Thus ships have been the es- 
sential agency by which we have borne and are bearing our part in the struggle for civilization. 

So, also, ships will be the essential agency through which we shall be enabled to do our 
full share in the work of reconstruction after the restoration of peace and in the development 
of our foreign commerce. And thereafter, ships—our own American ships—will be the es- 
sential agency through which we shall be able to maintain that just and beneficial relation- 
ship with the rest of the world to which our participation in the war and its prosecution to a 
successful close will entitle us and the rest of the world. 

It is not only with us but with several others of the belligerent nations that ships will 
render vital service in meeting the problems of reconstruction. Our immediate reconstruction 
work will be different from that of France, Belgium, Serbia, Italy, Roumania, and the other 
war ravaged countries of Europe. It will be different even from that of Great Britain. First . 
of all we must repatriate the millions of our men who have been sent abroad to take part in 
the fighting. For many months now they have been going overseas at a rate of between 
250,000 and 300,000 a month—nearly 10,000 a day. 

The first agency contributing to this marvelous result is our Navy. When the detail of 
the Navy’s work in the troop transport movement can be told, the people of this country will 
have reason to be justly proud of the record. Every hope and expectation of the country 
has been fulfilled by this popular branch of the national service and there should go to it the 
fullest measure of credit. 
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This enormous embarkation of the American soldiers would have been impossible with- 
out the maritime co-operation of our Allies, especially of Great Britain. British vessels 
have transported about one-half of our soldiers. 

This service rendered to us and to civilization by the British merchant marine has en- 
tailed a substantial interference with Great Britain’s overseas trade. When the war 
ends it will find hundreds of thousands, and perhaps even millions, of British soldiers upon 
the continent of Europe. Great Britain, too, will have a problem of repatriation, necessitat- 
ing the service of ships, but it will hardly be comparable in extent to our repatriation task. 

The process of repatriation is not likely to begin for some time after the cessation of 
hostilities. Definite establishment of the peace conditions may require some delay. When it 
does commence it is probable that because of the rapidly increasing construction of Ameri- 
can vessels, it will be possible to return more American soldiers per month, under their own 
flag, than were sent abroad in American vessels. And we should have the extensive aid of 
foreign vessels to minimize the time required for the return of our troops. 

The troops of most of the belligerents, however, will be able to march or proceed by rail 
to their homes, and the redistribution of the men to their own places can be carried out much 
more rapidly, both by the Entente Allies and the Central Powers, than in our own case. 

In the United States, Great Britain and the Central Powers—where the war has not 
wrought devastation and destruction of industrial plants—the immediate problem will be 
one of reconversion of plants from production of war material to the manufacture of peace- 
ful merchandise, and the readjustment of labor so as to provide employment for the millions 
of men released from war service. In France, Belgium and the other war ravaged territories 
there will be added the enormously difficult problem of physical rehabilitation—the clearing 
away of ruins, the erection of new buildings, the equipment of plants with new machinery, 
and all the vast labor of the restoration of industrial and agricultural activity and production. 

Thus, as far as the demobilization and readjustment of labor is concerned, all the other 
belligerent nations are likely to be able to progress more rapidly than the United States, and 
to that extent to devote themselves more promptly to the urgent problem of renewing their 
efforts in foreign trade. Great Britain will be able promptly to release a certain portion of 
her merchant fleet from war service, and to restore it to the commercial enterprises from 
which it has been diverted, although it will be necessary for her to accomplish fully the re- 
patriation of her troops from her dominions and colonies. How soon, and to what extent, 
Germany will be able to resume overseas commercial operations under her own flag will 
depend very largely upon the final conditions| of peace. 

Freed from the menace of the submarine and from the restrictions of blockades and 
war zone regulations, the Dutch, Scandinavian, Spanish and other neutral merchant fleets will 
be enabled at once to render the highest service to their nations, in the rehabilitation and 
expansion of their overseas commerce. 

Broadly, and in rough outline, that is the situation which will confront the United 
States upon the re-establishment of peace. It is fortunate for us that one of our greatest 
contributions to war work will also render a most valuable service after peace has been re- 
stored. We are building the ships which will be the most effective agency in the permanent 
solution of these great after-war problems. Always provided, however, that our nation 
adopts a definite maritime policy which will permit the permanent retention and operation of 
these vessels under the American flag. Just as the provision of ships has been and is abso- 
lutely first in importance in war winning service, so is the adoption of the correct national 
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maritime policy absolutely first in importance of the problems of peace already demanding 
solution at our hands. This important matter should be taken up by Congress at once to 
enable our shipowners and others interested to make the necessary arrangements to take our 
proper place in the world’s commerce. 

It is true that our vast enterprise of ship construction was undertaken essentially as a 
war measure, just as was the huge expansion of our production of guns and shells, and all 
the wide range of other war materials. But in the ships we are building there is a large ele- 
ment of permanent value for peace, as well as of war service. With the restoration of 
peace it is to be hoped that further need for guns and shells and other war supplies will be 
minimized, if not ended. But that fortunate date will mark the opening of a period of new 
and vital service to the nation for the ships we are now building as instruments of war. 

The figures expressing the activities of the United States Shipping Board indicate the 
extent of the possibility of this new service. The National Foreign Trade Council has 
pointed out in previous reports dealing with this subject the fact that it was the experience 
of Great Britain, the greatest maritime power of the world during the last fifty years, that 
less than 60 per cent of British foreign trade is carried in British vessels. In ordinary 
times about 60 per cent of the carrying power of British shipping in foreign trade is em- 
ployed in bringing imports into, and taking exports from, the United Kingdom, the remain- 
ing 40 per cent being engaged in trade between foreign ports. This shows the extent to 
which the shipping of a nation with a diversified foreign commerce must also be responsive 
to the demands of the commerce of the rest of the world. Great Britain’s experience indi- 
cates that no nation with an extensive overseas trade will be able to transport all of its com- 
merce in its own vessels, no matter how large and diversified may be its merchant fleet. 

In 1915, 1,871,543 tons of American shipping carried 14.3 per cent of our total for- 
eign commerce. In 1916, 2,191,715 tons of American shipping carried 16.3 per cent of our 
total foreign commerce. In 1917, 18.5 per cent of our total foreign commerce was carried 
in American vessels, but for war considerations, the official reports have not included the 
figures of the tonnage required for this transportation. 

On the basis of an American merchant fleet of 10,000,000 gross tons estimated at a 
construction price of $75 per ton, a liberal estimate at pre-war rates, such a merchant fleet 
would cost $750,000,000. But construction costs have risen enormously during the war. Much 
of the new merchant fleet is constructed at costs well over $175 per ton, although no exact 
official figures have been published by the Shipping Board. If, however, the average costs 
were $200 per ton, the construction of a fleet of 10,000,000 tons would absorb only 
$2,000,000,000. 

As a matter of fact Congress has appropriated $2,896,701,000 for the various pur- 
poses of the Shipping Board, chiefly for construction, and has authorized the incurrence 
of contract obligations to the extent of $945,549,000 in addition. The work of the Shipping 
Board has thus been financed to the extent of $3,842,250,000, and there is pending a re- 
quest from the Board for further extensive appropriations. The Board submitted estimates 
to Congress for the current fiscal year aggregating $3,054,350,000, but Congress reduced 
these estimates by nearly $1,300,000,000 in making the appropriation. The program of the 
Shipping Board includes, of course, not only construction of ships under direct contract, but 
the completion of requisitioned vessels, the repair of seized enemy ships, the financing of 
shipyards for the fabrication of steel ships, a very large expenditure for the provision of 
houses for the workmen at the shipyards, and other large items not directly charged to con- 
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struction. From all this it is apparent that with construction costs of over $200 a ton and 
with appropriations for construction greater than $2,000,000,000 the resulting, fleet will be 
materially more than 10,000,000 gross tons. 

In a recent statement covering its work, the Shipping Board announced that its pro- 
gram included 2,249 contract ships, totaling 13,212,712 deadweight tons; 42 concrete ships, 
totaling 301,600 deadweight tons, and 402 requisitioned ships, totaling 2,790,792 deadweight 
tons, an aggregate of 2,693 vessels of 16,305,004 deadweight tons. This provides a fleet of 
approximately 11,000,000 gross tons, and does not include 100 seized enemy vessels of an 
aggregate gross tonnage of more than 425,000 tons additional. 

On September Ist there were 2,185 vessels within the jurisdiction of the United States 
Shipping Board, aggregating more than 6,000,000 gross tons. Of these, 449 were requisi- 
tioned American merchant ships, 100 were enemy vessels seized during the war, 256 were 
new vessels owned by the Shipping Board, 31 were old lake steamers transferred to the Ship- 
ping Board, 377 were American merchant ships not yet requisitioned, 81 were Dutch ships 
requisitioned by the United States Government, and 891 were foreign ships chartered either 
to the Shipping Board or to American citizens. It will be observed that only a comparatively 
small part of this tonnage was provided by the Shipping Board program. Nearly half of it 
consists of foreign ships requisitioned or chartered, which may or may not remain in Ameri- 
can service after the war. But 1,294 of these vessels of more than 4,000,000 gross tons in 
the aggregate fly the American flag and it is evident that the completion of the present 
program of the Shipping Board will add approximately 10,000,000 gross tons to the Ameri- 
can merchant fleet. We shall have, therefore, a fleet roughly estimated at 14,000,000 tons 
at least, ample, on the basis of the British precedent, to meet the needs of our foreign trade. 

There must be pointed out, however, the probability, if not the practical certainty, that a 
considerable proportion of this tonnage will be unavailable for off-shore service, especially 
under the conditions of competition which the new American fleet must meet. This refers 
particularly to the wooden ships which constitute so large a part of the Shipping Board 
construction program. It is, of course, well recognized that speed in construction has been 
a vital element in our provision of ships. This has tended inevitably to the increase of cost 
and, to a certain extent, to the decrease of efficiency. The expansion of shipyards, both in 
number and size, has been very great and very rapid. The supply of labor for these 
yards has unavoidably brought into service many thousands of men inexperienced in ship- 
building. Schools has been maintained for the instruction and training of workmen, and 
great effort has been made to increase the efficiency of the yards, but the best possible attain- 
ment has naturally been short of the standard of quality produced by experienced workmen 
in old-established yards and under more favorable conditions. 

Every bit of service that such vessels can render now is, of course, highly helpful in the 


prosecution of the war, but the war itself operates to suspend conditions of competition 


which necessarily must be met by American merchant ships after the restoration of peace, 
and we must look forward to a certain reduction of the tonnage now included in the Shipping 
Board program, when peace conditions again become operative. 

In view of these facts, your Committee suggests the advisability of curtailing the pro- 
gram of wooden construction at the earliest feasible date, and of the preparation to trans- 
form into barges the surplus of the wooden steamers over those which can. be employed 
economically. The machinery thus made available could be used with advantage in steel hulls. 

In August, 1917, there were only 61 shipyards in the United States. Of these, 37, with 
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162 ways, were building steel vessels, and 24, with 73 ways, were engaged in wooden con- 
struction. Today there are 203 shipyards in the United States: 77 steel, 117 wood, 2 com- 
posite and 7 concrete. Not all of them are yet completed, but 155 are finished, 35 more than 
half completed and only 13 less than half completed. There are 410 completed ways for 
steel ships, 400 completed ways for wood, composite and concrete construction, and 63 steel 
and 54 wood ways not yet completed. More than 385,000 employees are at work in these 
yards. The weekly payroll of the United States Shipping Board is more than $10,000,000. 
Two years ago there were fewer than 50,000 shipyard employees in the United States. This 
expansion is in the construction of vessels. There has been, of course, a corresponding de- 
velopment of the production of engines, machinery and equipment of vessels. There has been 
the development of an entirely new industry in shipbuilding, hitherto unknown in the world. 
It is the fabrication of steel vessels. The Shipping Board has promoted the erection of 
several vast yards for this method of ship construction, which alone are capable of producing 
more tonnage per year than could be turned out by the entire shipbuilding industry of the 
United States per annum prior to the war. It is inevitable that these organizations will con- 
stitute an important factor in American ship construction after the war, and in the perma- 
nent retention of an adequate merchant fleet under the American flag. The existence of a 
large body of labor trained in ship construction will constitute another important factor. 

It is evident, then, that the restoration of peace will find the United States in posses- 
sion of a merchant fleet much larger than that under the Americar flag at the outbreak of 
the war. That is true even if peace is restored in the very near future. The completion 
of the Shipping Board program, however, at least so far as the construction of steel vessels 
is concerned, will no doubt be effected, even though peace is promptly re-established, and if 
the war should continue another year, there may be even further expansion of this program. 

While referring to the building program, it is most important to point out that the ex- 
perience of the great maritime nations of the world has taught them that it is necessary to 
provide a certain proportion of passenger carrying steamers in their fleets. These steamers 
range from the small cargo passenger liners, carrying a few passengers, to the enormous 
high speed Atlantic liners. It is most essential, therefore, that our fleet comprise these 
various tyes of steamers in addition to cargo vessels. 

A well-balanced fleet comprising all types of vessels, both passenger and freight, is es- 
sential if we are to compete successfully with the other maritime nations which already 
have all types of steamers. Nothing will foster in this country a maritime thought and 
spirit more than American passenger steamers ready to carry citizens to all parts of the 
world. The ships thus provided should equal or improve upon those of the present time if 
we are to take our rightful place as leaders in the merchant marine world. 

It may be necessary to extend the program of steel construction in order to assist in 
making up for the depletion of world tonnage that has occurred during the war. Absolutely 
accurate reports of the extent of submarine destruction and normal marine losses are not now 
available. The Shipping Board has figured the total Allied and neutral losses for the period 
from August, 1914, to September, 1918, at more than 14,000,000 gross tons. It has esti- 
mated the total Allied and neutral construction during that period at approximately 10,000,000 
gross tons. These figures indicate the present tonnage at something like 4,000,000 gross 
tons less than existed at the outbreak of the war. 

But the world will need, at least for a considerable period after the re-establishment of 
peace, the services of a tonnage even greater than that which existed prior to the war, and 
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the merchant fleets now in being, even with the augmentation at present provided for by the 
construction programs of the United States and Great Britain, will be inadequate to the ser- 
vice they will be called upon to render. 

It now seems probable that it will require the continuation of the present accelerated pro- 
gram of construction for a considerable time after the war, in order to bring the world’s 
ocean tonnage again to the point where it is adequate to meet the world’s needs. 

The United States, then, will emerge from the war with a large merchant fleet and 
with the facilities for its renewal and expansion, but unless positive steps are taken in the 
very near future toward the formulation and adoption of a sound national maritime policy, 
it may be set down as absolutely certain that these newly constructed American vessels will 
not remain in operation under the American flag and that the American merchant marine, 
rehabilitated with vast expenditure of capital and effort as a war emergency measure, will 
again be dissipated under the operation of inexorable economic laws. 

For one thing is absolutely sure: Unless these vessels can be operated profitably under 
the American flag, either they will be transferred to foreign registry or they will rust out a 
useless existence which will soon terminate on the scrap heap. For production is fundamen- 
tally a question of profit, and production of ocean transportation, especially in foreign trade, 
where we must meet the competition of the world’s ships, is not differentiated in its amen- 
ability to this economic law from the production of cotton or lumber or any other of the 
myriad articles of our daily commerce. 

It is true that Congress has enacted a law forbidding the alienation of any American 
vessel without the consent of the United States Shipping Board, but neither that law nor 
any other of similar character will keep any American vessel in operation or prevent bar- 
nacles from growing on its hull unless conditions are such that it can be operated under the 
American flag at a profit for those who are operating it. 

The American national maritime policy, therefore, which is to provide for the perma- 
nent retention and operation of our new merchant fleet under the American flag, must be 
founded upon the principle that those operating the vessels shall be assured of conditions 
which will enable them to meet the competition of all other maritime nations upon an 
equitable basis. 

As your Committee has pointed out in previous reports, the law creating the Shipping 
Board recognizes the wisdom of operating the vessels of the new fleet through private enter- 
prise. It provides that upon the termination of a fixed period after the re-establishment of 
peace the Board itself shall not undertake the operation of any vessels until after a bona fide 
effort to sell, lease or charter such vessels has failed. It is obvious at once that any bona 
fide effort to sell, lease or charter must take into account the exceptional element of war 
cost and war service. The Chairman of the Shipping Board has publicly recognized this 
in an address in which he said: 

“They [these ships] are being constructed because, and only because, of war needs, 
under conditions and pressure which have enormously increased their cost per ton over the 
cost of construction prevailing in normal times. It would seem fair that their valuation 
be written down to a point which will give them a fair chance to compete with vessels built 
before the war at much lower cost.” 

The merchant fleet provided by the program of the Shipping Board will represent at 
the conclusion of the war an expenditure by the United States of approximately $4,000,000,000. 
It is obvious that if private enterprise, in order to undertake the operation of these vessels 
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under the American flag, is to be required to invest the full amount of that huge sum, it will 
not make the attempt. Manifestly the correct procedure is that indicated by the Chairman 
of the Shipping Board in his suggestion that the valuation of the vessels be written down, 
and that a portion of their cost be charged off to war service. This procedure would be 
eminently just, as well as absolutely necessary to the permanent retention and operation of 
these vessels under our flag. The war service rendered by these vessels is of the highest 
character, not second even to that of the guns and shells which they transport to the theater 
of war. But the guns and shells are wholly written off. Their entire cost is charged to war 
service. Whatever valuation may be determined upon ultimately as fair and just, these 
ships will represent a recovery of expenditure for the Government impossible in the case of 
vast disbursements for munitions. 

Broadly speaking, there are three essential factors in the furnishment and operation of 
ships: the cost of capital, the cost of construction and the cost of operation. As far as the 
first is concerned, the United States will certainly be in no worse position than foreign coun- 
tries after the war. The probability is that we shall be in better position than some, at least, 
of the nations which will be interested in expanding their maritime enterprises. Private en- 
terprise will be able to obtain at reasonable cost the capital necessary to extend its invest- 
ment in merchant vessels. But private enterprise will not care to expand its investment in 
that direction unless there is reasonable assurance that it will be permitted to operate at a 
profit any vessels which it may purchase, lease, or charter, and unless it has reasonable assur- 
ance that costs of construction will be such that renewals or additions to its fleet may be ob« 
tained upon terms which will permit competition with foreign fleets upon an equitable basis. 

For reasons already referred to, it seems likely that American shipyards after the war 
will be able to produce tonnage at the rates and under conditions that will compare favora- 
bly with those obtaining in foreign maritime countries. It is therefore in the third factor— 
costs of operation—that there are most likely to be found the disadvantages to American en- 
terprise which will constitute the greatest obstacle to the continued successful operation of 
our new vessels under our own flag. These obstacles are found in certain provisions of our 
existing navigation system, the inevitable result of which is to increase the costs of opera- 
tion to the disadvantage of American maritime enterprise. 

No one contends or believes that it is not desirable to have American vessels fully 
manned by competent crews and to have American seamen enjoy the best possible conditions 
of life and service, and receive in wages due and ample return for their labor. But it is 
perfectly obvious that provisions of law which require American vessels to maintain larger 
crews, and to pay them higher wages than is the case with foreign vessels, necessarily sub- 
ject such American vessels to a disadvantage which renders it difficult if not impossible for 
them to continue in operation against the competition of foreign vessels which can operate 
at lesser costs. 

Your Committee again draws attention to the vital necessity of an early and thorough- 
going revision of the American navigation system which shall strip it of its present inequali- 
ties and injustices if the merchant fleet now in process of creation as a war emergency is to 
be retained in operation under the American flag. Attention is again called to the fact that 
the law creating the United States Shipping Board directed the Board to conduct an examin- 
ation into comparative costs of construction at home and abroad; an examination into sys- 
tems of classification at home and abroad; an examination into the question of marine insur- 
ance; and an examination of the American navigation system, with a view to submitting 
recommendations to Congress covering its amendment, revision and improvement. 
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It has been suggested that the derangement of normal conditions resulting from the 
war has rendered difficult—even impossible—the practical performance of some of these 
tasks, such as the examination into comparative costs of construction and the examination 
into comparative costs of operation. Your Committee suggests, however, that a vast amount 
of valuable information is available as to conditions obtaining prior to the war, and which 
may be approximated again not long after the restoration of peace. Your Committee sug- 
gests also that no obstacles have been created by war conditions which render impractical 
the present performance of the investigations into the subject of marine insurance and the 
American navigation system ordered by Congress. Furthermore, the information to be de- 
veloped by these investigations is of the utmost importance in the formulation of the fun- 
damental national maritime policy, which is an absolutely essential prerequisite to the perma- 
nent retention and operation of the New American merchant fleet under the American flag. 

We cheer the acquisition of the new fleet and we applaud the energy of the Shipping 
Board and the tireless industry of the thousands of workmen in the mills and shipyards who 
have brought it into being; but our cheers will be idle and our enthusiasm and energy will 
have been wasted unless before the day arrives for the renewal of competition that is 
bound to follow the restoration of peace we have formulated and adopted a policy based upon 
honest recognition of fundamental economic principles, which will enable us to meet that 
competition with our new American ships, under the American flag, with honor and with 
profit to ourselves and without injustice or unfairness to our competitors. It is most im- 
portant that the American should face his competitors under equal conditions. All that is 
needed is a fair field and no favor. As an incident of the international agreement and set- 
tlements soon to be worked out, the maritime nations should agree upon uniform regulations 
which will impose equal conditions and requirements upon all alike. Such an arrangement 
would insure that equality which will give every one a fair chance. 

Respectfully submitted, 
James A. FARRELL, 
P. A. S. FRANKLIN, 
RoBert Do.yar. 


THE PRESIDENT :—We will now have papers Nos. 9 and 10. We will have them read 
and then discussed together. The first is No. 9, entitled “Experiments upon Simplified Forms 
of Ships,” by Prof. H. C. Sadler, Member of Council, and Mr. T. Yamamato, Visitor. 


Professor Sadler presented the paper. 


EXPERIMENTS ON SIMPLIFIED SHIP FORMS. 


By Proressor H. C. Santer, MEMBER OF CoUNCIL, AND T. YAMaAmoro, Esq. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


The question of the simplification of ship forms is one that has received a good 
deal of attention during the past year. In their anxiety to produce a simple form 
from a structural standpoint, a good many designers, not familiar with ships, have 
ignored entirely the question of economical pain suain. 

During the past year some experiments upon “straight frame” forms have 
been conducted in the tank at the University of Michigan, and the results are thought 
to be of sufficient interest to place the same on record. 

The main object of the experiments was to determine what difference in resist- 
ance existed between an ordinary shipshape form and one in which the curved 
form of the frames was replaced by straight lines. No particular attempt was 
made to develop the best possible form, but the main features of the two types 
were kept constant. 

The diagonal line representing the corner was in all cases made a straight line, 
with the view that, if the bilge corner were cut off, this would facilitate construction. 


MODELS. 


The body plans shown in Figs. I, 2, 3, ta, Plate 86, represent the various forms 
used. The models were 10 feet long and 16 inches wide. For each particular type 
the following characteristics were kept constant, viz., length, breadth, draught, dis- 
placement (at load draught, with the corner cut off); the curve of sectional areas 
(and hence prismatic coefficient ), and the shape of the waterline. 

The models were tested at three different draughts covering the usual range. 

In each case the model was first tried with the sharp corner, and latterly this was 
removed. 

Two different slopes were given to the bilge diagonal to determine the effect of 
this feature. 

In one case also the lower knuckle was given a small enough slope to keep it 
within the double bottom, the top knuckle in this case remaining the same as in form 
(Fig. 1, Plate 86). 

The following table gives the characteristics of all the forms tried :— 
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Y. 1 (corner off) 


Draught B/d O per cent | 10 percent | 20 per cent 
Long. Coeff...... 674 . 707 139 
a 2.285 Block Coeff...... .655 -688 .718 
* Mid. Coeff. ..... 973 973 973 
Water Line Coeff. 760 . 784 .808 
Long. Coeff...... -662 .697 728 
6” 2.66 Block Coeff...... 641 675 706 
Mid. Coeff. ..... .969 .969 .969 
\ Long. Coeff.. ... 646 .681 716 
5” 3.2 Block Coeff...... 621 655 .688 
| Mid. Coeff. ..... 962 - 962 -962 
Y. 2 (corner off) 
Long. Coeff...... 674 - 108 739 
la 2.285 Block Coeff...... 655 .688 718 
Mid. Coeff. ..... .973 973 -973 
Water Line Coeff. 760 . 784 .808 
Long. Coeff...... .662 .697 029 
6” 2.66 Block Coeff...... .641 .675 .706 
Mid. Coeff. ....- -969 - 969 .969 
Long. Coeff...... -646 -683 .716 
5” 3.2 Block Coefl...... .623 .659 -691 
Mid. Coeff. ..... -965 965 965 
Y. 3 
Long. Coeff...... -673 706 737 
vl 2.285 Block Coeff.... . 655 .688 .718 
i Mid. Coeff. ..... .974 974 974 
Water Line Coeff. . 760 . 784 .808 
Long. Coeff...... .661 -696 .728 
6” 2.66 Block Coeff...... -641 .675 . 706 
Mid. Coeff. ..... .970 -970 -970 
Long. Coeff... ... .647 .683 -718 
5” 3.2 Block Coeff...... .623 -658 .692 
Mid. Coeff. ..... 964 . 964 -964 


EXPERIMENTS ON SIMPLIFIED SHIP FORMS. 


Y. 1 (with 


corner volume) 


Draught B/d Oper cent | 10 percent | 20 percent 
Long. Coeff...... .673 706 137 
a 2 285 Block Coeff...... .660 .693 124 
; Mid. Coeff. ..... 983 983 -983 
Water Line Coeff. . 760 . 184 .808 
Long. Coeff...... .661 -696 128 
6” 2.66 Block Coeff...... .647 .682 713 
Mid. Coeff. ....- .979 .979 .979 
Long. Coeff...... 644 .679 712 
5” 3.2 Block Coeff...... -628 662 .694 
Mid. Coeff. ..... 975 975 975 
Y. 2 (with corner yolume) 
Long. Coeff...... .672 706 137 
” Block Coeff...... .659 .694 124 
7 2.285 : 
; Mid. Coeff..... 983 .983 .983 
Water Line Coeff. 760 . 784 808 
Long. Coeff...... -660 .695 728 
6” 2.66 Block Coeff...... .646 .680 713 
Mid. Coeff. ..... .979 .979 -979 
: Long. Coeff...... 646 .679 716 
5” 3.2 Block Coeff...... 630 -662 .698 
Mid. Coeff...... 975 975 .975 
Yee (So 
Long. Coeff...... 674 138 
Va 2.285 Block Coeff...... .656 718 
i Mid. Coeff...... 984 984 
Water Line Coeff. 760 .808 
Long. Coeff...... 661 129 
6” 2.66 Block Coeff...... 3641 706 
Mid. Coeff... .. .969 .969 
Long. Coeff...... 644 715 
5” 3.2 Block Coeff...... 620 .688 
Mid. Coeff...... 963 -963 
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The fuller models, marked 10 per cent and 20 per cent, were obtained from 
the finer forms by adding 10 per cent and 20 per cent middle body and contracting 
the form of the ends to keep the length constant. 

The curves of sectional areas and load waterline are shown in Figs. 4 and 5, 
Plates 87 and 88, and in connection with the latter it will be noticed that, in order 
to use the same form in all cases, this necessitated a somewhat fuller line forward 
than was compatible with ease of propulsion. For purely comparative purposes it 
was deemed advisable to keep the same waterline throughout. 

The general results are summarized in the curves (Figs. 6, 7 and 8, Plates 80, 
go and gt). A comparison of each set of curves for each type shows that the ship- 
shape is the best, and that, of the other two forms with the corner off, the one with 
the steeper slope to the bilge diagonal gives better results than where this is at a 
smaller angle. 

At the lower speed-length ratios there is little, if any, difference, and such as 
there is is of the order of I to 2 per cent. 

The effect of retaining the sharp corner appears in all cases to increase the re- 
sistance somewhat as shown in Figs. 9 and 10, Plates 92 and 93, 7. e., the resistance 
increases at a somewhat more rapid ratio than the added wetted surface. 

The remaining form with the lower knuckle line dropped (Fig. 1a, Plate 86) 
shows slightly more resistance than the best of the other forms, but the amount is 
small; in fact it seems to lie between the first two forms. 


SERIES 2. 


A similar set of tests was carried out upon a model of fuller form. In this case 
the curve of sectional areas was changed to one suitable for this type. The body 
plans are shown in Figs. 11 and 12, Plate 94. The particulars of the models are 
given in the following table :— 


— ry 
Y.1C Y.1C. 
Draught B/d Coefficient ayer Y.3C. with 
Conne teat corner volume 
Long. Coeff. .... .801 198 .801 
We? 2.285 {Bice Coeff. .... 179 7719 . 785 
Midship Coeff. .. 973 .976 981 
Long. Coeff. .... 791 . 788 791 
6” 2.66 1 Block Coeff. .... . 766 766 173 
Midship Coeff. . . -968 .972 -978 
Long. Coeff..... . 780 118 -780 
5” 3.2 Bleck Coeff. .... . 749 750 759 
Midship Coeff. .. 961 .965 974 
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The results of the tests are shown in Fig. 13, Plate 95, and in general are of 
the same character as in the previous series. 

The effect of retaining the corner volume at the bilge is to increase the resistance 
about 3 to 4 per cent, or approximately the same as that due to the added surface. 

Compared with the shipshape form, there is practically no difference in resist- 
ance between this and the simplified form with the corner cut off. 

Although time did not permit of carrying out a complete set of rolling experi- 
ments, some of the models were tried and it was found that the effect of the sharp 
corner upon the reduction of rolls was most marked, and that even with the corner 
removed these models came to rest quicker than the shipshape form. 

The general conclusions that may be drawn are as follows :— 

1. Vessels of the straight frame type can be designed which will have about the 
same resistance as a shipshape form. 

2. If the diagonal line of the corner be given the wrong slope, this will increase 
the resistance due to the lack of conformity with the proper stream line flow. 

3. The effect of maintaining the square corner is to increase the bare hull re- 
sistance, but as vessels of this form would not need bilge keels the net result from a 
horse-power standpoint would be about the same as for a shipshape form. 

4. Probably the best results from a resistance standpoint would be obtained by 
using diagonal line which is of a curved form in the body plan. 


DISCUSSION. 


THE PRESIDENT :—We will now have paper No. 10, entitled, “Variation of Shaft Horse- 
Power, Propeller Revolutions and Propulsive Coefficient with Longitudinal Position of the 
Parallel Middle Body in a Single Screw Cargo Ship,’ by Commander William McEntee, 
Naval Constructor, U. S. Navy, Member. 

Let me say, gentlemen, that it is not our fault in any way that the copies of the papers 
were not received in time for your examination previous to the reading. Copies were dis- 
tributed by mail to our members, and the copies for distribution here were sent by express 
from Washington several days ago. One of two things happened, either that they were not 
properly shipped—which I do not believe to be the case—or the Director-General of Rail- 
roads and Express Companies is not “‘on to his job.” 


Commander McEntee then presented his paper. 


VARIATIONS OF SHAFT HORSE-POWER, PROPELLER REVOLU- 
TIONS, AND PROPULSIVE COEFFICIENT WITH LONGITUDINAL 
POSITION OF THE PARALLEL MIDDLE BODY IN A SINGLE- 
SCREW CARGO SHIP. 


By Navat Constructor WittiAM McEnteg, U. S. N., MemBer. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


Previous experiments made at the U. S. Experimental Mcdel Basin indicate* 
that for slow ships of full lines, such as are used for the ordinary single-screw cargo 
ship, it is desirable to use a certain amount of parallel middle body. In those ex- 
periments the different models used had varying lengths of parallel middle body dis- 
tributed equally forward and abaft the midship section. The present investigation 
had for its object the determination of the best fore and aft position for the parallel 
part of the ship, and the investigation of the effect of this variation on the shaft 
horse-power, propulsive coefficient, and wake and thrust deduction factors. 

Four 20-foot models were made corresponding to ships of 400 feet length be- 
tween perpendiculars and of 57.3 feet beam, 26 feet draught, and 13,137 tons dis- 
placement when fully loaded. A longitudinal or prismatic coefficient of 0.788 was 
chosen as representing about the present practice in cargo carriers of this type. A 
constant length of the parallel middle body was taken equal to 33 per cent of the 
ship’s length. This percentage was found in the investigations referred to above 
to give about the minimum residuary resistance for the speeds attained in practice 
for ships of this type. 

In Fig. 1, Plate 96, are shown the lines of model 2,023 which were used as 
the parent form. In Fig. 2, Plate 97, are shown the curves of sectional area for 
the four models and the parent form. Model 2,132 was made very full at the en- 
trance, with a fine run. Model 2,135 was made relatively very fine at the entrance 
and full in the run. Models 2,133 and 2,134 were intermediate between the two 
extreme models. The model with the very full bow and that with the very full stern 
were purposely made of an extreme type beyond anything that might be expected to 
be used, in order to give a wide scope to the investigation and to insure that the lim- 
iting condition as regards power should be obtained at either extreme. 

In the four models the middle section of the parallel middle body—that is to 
say, the section which divided the parallel middle body into two equal portions— 
was placed at varying distances from the forward perpendicular, amounting to 31.3, 
38.5, 53.4, and 60.5 per cent of the length of the ship, respectively. 


*“Speed and Power of Ships,” by D. W. Taylor. 
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The models were carefully made and all were fitted with the same cast stern 
frame, which included the stern bearing for the propeller shaft. The stern frame 
had the rudder cast with it. The whole frame and rudder was fitted to each of the 
four models before the self-propulsion experiments were undertaken, and, together 
with the propeller shaft, propeller, and dynamometer, was transferred from one 
model to the other as the experiments with each model were completed. 

The dynamometer consisted of a small direct-current motor, the armature shaft 
of which was directly connected with the propeller shaft by means of a flexible coup- 
ling. The armature shaft was free to float fore and aft in its bearings about 7/16 
inch in an axial direction. The armature shaft was connected to a calibrated spring 
by means of a thrust bearing, so that the axial displacement of the armature shaft 
gave a measurement of the propeller thrusts. Similarly, the frame of the motor was 
mounted so as to rotate in independent bearings. The torque developed by the motor 
acted against a calibrated spring so that the deflection of the spring indicated the 
torque of the motor. In addition to this there were suitable means provided for 
measuring the revolutions of the shaft. 

The order of procedure in making the tests was as follows:—The shaft and 
dynamometer were carefully lined up and the whole run for a sufficient time to warm 
up the bearings and reduce the bearing friction as much as possible. Owing to the 
fact that the dynamometer was placed very close to the stern, but a short length of 
propeller shafting was necessary, and this was supported by two self-aligning bear- 
ings, one at the stern bearing and the other at the forward end of the stern tube. 
With the propeller shaft in place and everything working freely the model was towed 
in the Model Basin beneath the towing carriage at several different speeds, and the 
propeller shaft, without propeller, run at the range of revolutions to be covered in 
the course of the experiments. The propeller was then fitted to the shaft and cards 
for torque and thrust and revolutions per minute were taken with the model self- 
propelled at different speeds. In these tests the model was guided by two plates about 
10 inches in width placed at either end of the model, so as to steer it in a straight 
course. The guide plates floated between the guilding points attached to the car- 
riage, but the towing carriage did not exercise any force on the model in a fore-and- 
aft direction. Starting at low speeds corresponding to about 5 knots for the ship, 
the towing carriage was adjusted to run at a uniform speed. The rheostat con- 
trolling the speed of the propeller dynamometer was then adjusted so that the thrust 
of the propeller would just keep the model running as fast as the towing carriage, 
without striking the stops, which were placed at an interval of 6 inches. Thus, start- 
ing with the model in the mid position, it was free to gain or lose a distance of 3 
inches as compared with the towing carriage before striking either stop. When the 
propeller was running at the proper speed to keep the model up with the towing 
carriage the record of thrust, torque and revolutions per minute was taken. If, in the 
course of the run, the model struck either stop on the carriage the run was dis- 
carded and another run made. Having obtained the desired data at the lowest speed, 
the carriage speed was increased for subsequent runs and similar data taken at higher 


IN A SINGLE-SCREW CARGO SHIP. 165 


speeds. The range covered corresponded to speeds of 5 to 12% knots for the ship. 
About forty different runs were made with each model, giving a corresponding num- 
ber of points for plotting the torque, thrust, and revolutions per minute curves. 

The armature of the propeller dynamometer was especially designed to reduce 
to a minimum the amount of magnetic thrust. This thrust increased with the torque 
and amounted to 0.17 pound when the armature was displaced 7/16 inch and the 
torque delivered to the shaft was 16 pounds-inches. Neglecting this at higher 
powers would have caused an error in thrust measurements of about 1.4 per cent, 
but would not have caused any error in the power measurements. However, this 
magnetic thrust was separately calibrated, and corrections for it were made in work- 
ing up the results of the experiments. 

It is interesting to note that experiments of this kind with a very heavy model, 
in this case a displacement of 3,774 pounds, afford a very sensitive means of check- 
ing the uniformity of speed of the towing carriage. If the towing carriage itself 
were not very carefully adjusted, so as to eliminate slight variations in power re- 
quired to drive it, owing to variations in the level of the tracks or uneven friction of 
the driving wheels or guide wheels, the resulting small accelerations and retarda- 
tions of the carriage were made very apparent. As the model, driven by its own 
propeller, when supplied with a constant voltage, ran at very uniform speeds, it was 
possible to see the towing carriage gaining or losing distance of a few inches in five 
or ten seconds, as slight inequalities of speed due to small variations in the resist- 
ance of the driving mechanism developed. In order to conduct self-propulsion ex- 
periments successfully with the method followed, it was necessary to have the tow- 
ing carriage running in excellent condition. 

Immediately after completion of the self-propulsion tests on the model the pro- 
peller was removed and the runs to obtain the shaft friction and the thrust without 
propeller were repeated. The model was next connected with the resistance dyna- 
mometer on the towing carriage and the usual model resistance data taken. This in- 
sured that the conditions of test both for self-propulsion and for the resistance of 
the model would be uniform as regards conditions of the model, temperature of 
water, etc. Experiments on the four models were run on succeeding days, and the 
springs. of the propeller dynamometer were calibrated both before and after the 
tests. 

In Fig. 3, Plate 98, is shown one of the dynamometer cards taken for a model 
running at a speed corresponding to about 10% knots for the ship. It will be noted 
that the deflection of the torque spring for this condition was 2.47 inches, for the 
thrust spring 2.24 inches, and the interval over which the revolutions were measured 
was 1.78 inches. With a little practice it was possible to read both the thrust and 
the torque deflections within 1/100 of aninch. The revolutions could be read to an 
accuracy of less than one-half of one per cent. Considering that the data taken 
are plotted and the whole averaged by means of faired curves, it is estimated that 
the results obtained as regards the three elements measured are correct within one 
per cent. 
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In Fig. 4, Plate 99, are shown the actual observations of the torque and thrust 
pen deflections, and the revolutions per minute of the propeller shaft plotted on speed 
of the model, the latter being measured by the speed of the towing carriage in the 
same manner as in the ordinary resistance tests. 

The following are the dimensions of the propeller used in the experiments and 
also the dimensions expanded to the ship scale :— 


Model Ship 
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IREVENO) iE TOIKO|ACUSG! WO CHIC BUCS. So acscoccadcuace 0.266 
Bladexthickness iractiont vm eer tee are 0.04 


The propeller had three blades of Taylor’s standard form. 

The propeller characteristics were obtained by separate tests of the propeller 
model run in free water, that is, in a separate apparatus where the propeller shaft 
projected well ahead, so that the propeller ran in water undisturbed by the action 
of the testing apparatus. The same motor dynamometer was used for the tests as 
was used for the self-propulsion tests, the only difference being that the propeller 
shaft was coupled to the forward end of the armature shaft instead of the after end. 

The characteristics of the propeller are given in Fig. 5, Plate 100. The thrust 
constant, C’,, and the torque constant, Cj, are plotted on nominal slip following the 
method used by Schaffran.* These constants, which are in non-dimensional form, 
lend themselves well to the analysis of self-propulsion experiments and to the ex- 
tension of the results to the full-size ship. 

The results of the investigation are given in Figs 6, 7, and 8, Plates 101 to 103. 
An examination of the effective horse-power curves and the shaft horse-power 
curves for the different models shows, as would be expected, a wide variation in 
power required. By plotting cross curves of power at a speed of 11 knots it will 
be found that, for both the effective horse-power and the shaft horse-power, the 
best results are obtained when the middle section of the parallel middle body is 
placed about 43 per cent of the ship’s length from the forward perpendicular. But 
2,000 shaft horse-power is required for the ship represented by model 2,133 at a 
speed of 11 knots. This is considerably bzlow that obtained with the ordinary 400- 
foot cargo ship of this displacement and may possibly be questioned as to whether it 
is not lower than could be expected to be obtained on a real ship. It must be remem- 
hered, however, that the lines are of good form and the friction of the shaft has 
been eliminated, so that the powers given do not include shaft friction. As to the 


*“Systematische Propellerversuche ;” K. Schaffran, Schiffbau, September 22, 1915. 
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reliability of the method followed it may be stated that in similar experiments made 
on a model of the twin-screw collier Jupiter, for which are available accurate trial 
data, the results of the model tests, when extended to the ship, agreed identically as 
regards the propeller revolutions and within one per cent as regards power and pro- 
pulsive coefficient. 

In Fig. 8, Plate 103, are shown the curves of wake fraction, thrust deduction 
coefficient, apparent slip, and true slip for the ship. In extending the results of the 
model experiments to the full-size ships it has been assumed that the wake fraction 
and thrust deduction coefficient for the ships are the same as for the models. The 
apparent slip and the true slip for the ship are less than for the model, because of 
less relative resistance, owing to the fact that the frictional resistance increases less 
rapidly than if it followed the law of comparison. 

In order to avoid confusion in terms the following definitions of thrust deduc- 
tion coefficient, t, and wake fraction, w, are given :— 


en Le OVE 
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in which T is the thrust of the propeller, R the resistance of the ship, V the speed of 
the ship, V’ the speed of advance of the propeller in the water in which it works. 
As was to be expected, the wake fraction and thrust deduction coefficient both 
increase with fullness of the stern. It is interesting to note that in all cases the wake 
fraction is considerably greater than the thrust deduction coefficient, resulting in a 
hull efficiency greater than unity. The wake fraction obtained for the different 
models at a speed corresponding to eleven knots for the ship varies from 0.29 to 0.35. 
The formula for wake fraction given by Taylor is as follows :—w = — 0.05 
-++ 0.50, in which 0 is the block coefficient. This would give for all of these models 
a wake fraction of 0.336. The average of the results obtained in these experiments 
is 0.31, which is but slightly less than that estimated by the above formula. 


z 


DISCUSSION. 


THE PreEsIDENT:—These two papers, No. 9, entitled “Experiments upon Simplified 
Forms of Ships,” and No. 10, entitled, “Variation of Shaft Horse-Power, Propeller Revo- 
lutions and Propulsive Coefficient with Longitudinal Position of the Parallel Middle Body 
in a Single-Screw Cargo Ship,’ are now open for discussion. These papers are particularly 
interesting and will be discussed together. We will be glad to hear from anyone in the room. 


ConsTRUCTOR-COMMANDER S. V. GoopaLL, R. N., Member:—Mr. President and gen-. 
tlemen, it has been my privilege, during my stay in this country, to spend some little time at 
the U. S. Model Basin in Washington, and to see these experiments, or experiments similar 
to them, carried out by Commander McEntee. I was very much impressed with the sys- 
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tem adopted in measuring the hull efficiency elements, because it is entirely different to that 
employed in Great Britain. 

I had an interesting correspondence with Mr. R. E. Froude of the British Admiralty 
Experiment Works on the subject, and he thought that the difference between the two: sys- 
tems could be summed up as follows:—In Great Britain the character of the investigation 
was such as to obtain definite measurements of discrete parts, whereas in America the system 
was directed towards measurements of concrete wholes. That is, perhaps, criticism of a some- 
what theoretical nature and, for my part, I was particularly impressed with the American sys- 
tem of measuring the hull efficiency elements. I should like to see, and hope I shall see, when | 
return to England, experiments made on these lines and the results compared with those made 
according to the practice in our country. 

I may say that Commander McEntee’s deduction as to the advantages and disadvan- 
- tages of the full and fine stern agrees with some of the actual results we have had with ships 
differing in fullness of stern, but otherwise similar, designed and built in Great Britain during 
the war. 

With regard to Professor Sadler’s paper experiments were carried out in Great Britain 
on simplified forms, and a form was developed by the Director of Naval Construction at the 
Admiralty that gave results similar to those stated by Professor Sadler, viz., that a simpli- 
fied form can be designed with practically no increase in resistance over a form of the ordi- 
nary type. These results were communicated to the United States Navy Department and 
the Shipping Board, and experiments were made at Washington, which, I understand cor- 
roborated the results obtained in England. 

I do not believe the results of the British experiments have been published, and it may 
be of value to have them forwarded for insertion in the transactions of this Society. 1 
should have great pleasure, if you wish, in writing to Sir Eustace D’Eyncourt and asking 
him if he will agree to the insertion of these results in the transactions of this Society. 


Tur PRESIDENT:—We shall be very glad to have these figures. Is there any other 
gentleman who wishes to discuss these papers or either one of them? 


Mr. ALFrep J. C. Ropertson, Member:—Mr. President and gentlemen, it is very en- 
couraging to discover that, in the rush of war work with which we have been overwhelmed 
in the last eighteen months, some gentlemen have been able to give their careful thought to 
the design of ships to meet after-the-war problems. The two papers presented to us by Pro- 
fessor Sadler and Commander McEntee represent an enormous amount of work. 

In connection with Professor Sadler’s paper on the simplified ship forms, I might say ~ 
that it represents the making of probably thirteen models, and then modifying the thirteen 
models to perhaps get twenty models in all. These twenty models have been tested in each 
case at three different drafts and probably twenty or thirty runs were given for each model, 
so that you see the amount of work is very great and the paper does not bring that out 
without careful study. 

I had the pleasure of looking into some of the figures given here, and the results, in my 
opinion, are quite worth calling your attention to. Two types of models were tested; the 
first type was for a fine model and had three parallel middle bodies. Results are given with- 
out parallel middle body, and with 10 per cent and 20 per cent of parallel middle body in- 
serted. In the results the box form shows an average of 2.4 per cent more resistance than the 
straight frame model with the corner cut off diagonally. 
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A very curious thing is that the model with the corner cut off actually shows less resist- 
ance than the shipshape form for quite a range of speeds in each case. The difference in 
resistance, however, amounts to only about 1 per cent below and about 2 per cent above the 
resistance of the shipshape model. Now, when putting the two facts together, the box-shaped 
model has a resistance approximately of 3 to 3.5 per cent above the shipshape. The bilge 
keels added to the shipshape model would account for 2.5 to 3 per cent in resistance, so that 
the box-shaped model and the shipshape model would be practically identical in resistance. 

There is one other important point in regard to these model tests for the finer models. 
Professor Sadler has given us the curve of sectional areas and the curve of load-water 
plane—the outline of the load-water plane, for each model—and you will notice, as a basis 
for the tests, that a certain model tested at the British National Tank was used, but there is 
some departure in the outline of the load-water plane. 

I compared the results of Professor Sadler’s tests with the results published of these 
British tests, and I was very much astonished to find the result of this slight difference in 
the outline of the load-water plane forward. The resistance was actually increased for the 
Sadler models by about 20 per cent. That happens in these finer models where hollow water 
lines are necessary. In the full model, I may say that it does not occur, and the full model 
shows up wonderfully well. 

In regard to Commander McEntee’s paper, I have only had time to glance at it, but it 
well deserves the most careful study. I have, however, made a comparison between Pro- 
fessor Sadler’s full model and Mr. McEntee’s model. Mr. McEntee’s model is 0.789, I 
think, in prismatic coefficient. Professor Sadler’s model was 0.801 prismatic coefficient, but 
there is a slight difference in the way the prismatic coefficient was taken—the aperture is 
included in Mr. McEntee’s figures, so that the two models are practically identical. If we 
reduce the square box-shaped model of Professor Sadler to the dimensions of Mr. McEntee’s 
ships, having the same displacement and the same draught ratio, we find that the minimum 
resistance, taking a cross curve on Mr. McEntee’s four models, shows 1,880 shaft horse- 
power at 11 knots and Professor Sadler’s model Y1C shows 1,930 with a square bilge, assum- 
ing the same propulsive efficiency. That shows that there has been a loss of 50 horse-power 
only in the square bilge model, over the best results of these four models—as a matter of 
fact, the very best comes between Mr. McEntee’s model No. 2133 and model No. 2134, and 
falls almost exactly on model No. 2023, which, by the way, is a model based on results pub- 
lished by the British National Tank. 

There is one question I would like to ask Mr. McEntee, and that is in regard to the 
slip. He has not defined it sufficiently clear for me to know just what he means. There 
is the apparent slip and the true slip. Do these slips refer to the effective slip measured with- 
out correction for wake, or do they refer to the face slip measured with and without the 
wake correction? 

I wish, personally, to thank the gentlemen who have presented these papers. 


THE PrEsIDENT:—We have some written discussions on these papers which will ap- 
pear in the proceedings. Time does not permit us to have them presented in full at this 
period. : 


ProFEessor W. Hoveaarp, Member (Communicated) :—I consider Professor Sadler’s 
and Mr. Yamamato’s experiments very important and interesting. I have long been under 
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the impression that the “straight frame” construction with a sharp knuckle line amidships 
would be advantageous, especially in ships with a parallel middle body; that is, that the in- 
crease in resistance to propulsion would be so small that it could be disregarded in compari- 
son with the gain due to simplified construction. In 1909 I suggested this form of hull in Jane’s 
“Fighting Ships” for battleships with external bottom armor where fitting of the heavy plates 
on the round turn of bilges would present special difficulties, but I did not contemplate con- 
tinuing the knuckle line much beyond about one-half of the length of the ship. I was, how- 
ever, prepared to find that the increase in resistance due to this feature might be prohibi- 
tive in ships of such high speed-length ratios and such form as found in modern battleships. 

The experiments of Professor Sadler and Mr. Yamamato throw much light on this 
problem, and seem to show that in cargo vessels with speed-length ratios smaller than 0.9 
the increase in resistance by this construction is on the whole insignificant, and that the 
adoption of the “straight frame’ type seems well worth serious consideration. Perhaps it 
will be found most advantageous to adopt the square corner and to stop the knuckle a little 
beyond the parallel middle body. 

It would be of interest to carry the investigation a step further and to determine the 
resistance of a ship form approaching even more closely to a pure flatiron shape. The form 
I have in mind is one by which the knuckle line lies in a horizontal plane and where the 
floors have a uniform but small rise from end to end, making the corner angle a little larger 
than a right angle. The bottom would then be almost quite flat, formed of two plane sur- 
faces, slightly inclined upwards from the kee on either side. Some flare should, of course, 
be given to the sections in the bow and in the stern, and locally, some deviation from the 
simple form would probably be necessary in way of the propellers and the rudder, but prac- 
tically all the plates in the bottom would be plane or developable with a slight twist, and the 
frames would be straight with only one knuckle. If experiments on such a ship form have 
not already heen made, it would seem worth while to make them and to investigate whether 
the gain in the first cost of construction would be outweighed or not by the increased 
resistance to driving. 


REAR ApMIRAL D. W. Taytor, U. S. N., Vice-President (Communicated) :—The paper 
by Commander McEntee breaks new ground and affords another illustration of the value of 
the apparatus for investigating wake, thrust deduction and propulsive efficiency which has 
been installed at the Model Basin by Commander McEntee. It seems to me that this very 
interesting paper gives another illustration of what is, I believe, the fact, namely, that there 
are many cases where a careful model basin investigation of a low-speed ship discloses that 
there is a greater field for improvement than in the case of high-speed ships, although we all 
know that, as regards the latter, the last word is far from said. 

The propeller tried is seen in Fig. 5, Plate 100, to have a maximum efficiency somewhat 
greater than 70 per cent. Although the author does not give us the hull efficiencies, he 
states that they are greater than unity, as might be expected and as is evident from inspec- 
tion of Fig. 8, Plate 103. With the maximum propeller efficiency of over 70 per cent, and 
the hull efficiency greater than unity, making the maximum possible propulsive efficiency well 
over 70 per cent, we find in Fig. 7, Plate 102, the maximum propulsive efficiency is only 
about 65 per cent. The reason is very simple. We find in Fig. 8 that, although the apparent 
slip at 10 knots averages, roughly, about 15 per cent, the true slip averages over 40 per cent, 
and at 40 per cent slip the efficiency of the propeller, instead of approaching its maximum 
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value of over 70 per cent, is only about 60 per cent. In other words, the propulsive efficiency 
is about 20 per cent below what would be obtained from a well-proportioned propeller work- 
ing under conditions favorable to high efficiency. 

There is an enormous field for improvement here. A little investigation will disclose 
the fact that it is practically impossible to get satisfactory propeller efficiencies from large, 
slow vessels unless the revolutions are kept very low and propellers made as large as possible. 
With reciprocating engines, of course, low revolutions mean a great increase of weight and 
cost of machinery. It seems to me that here is a great field for the geared engine. If the 
large, slow-speed vessel can be fitted with gearing, giving low revolutions adapted to a 
diameter of propeller limited only by the draught of the vessel, marked economies in power 
are certain to follow. 


Rear ApmirAL C. W. Dyson, U. S. N. (Communicated) :—I have been cognizant 
for quite a long time of the work being carried on by Commander McFEntee along the lines 
as outlined by him in this paper, but have never heretofore had the opportunity offered me 
to scrutinize the results obtained by him except in one instance, that of the propeller designed 
by myself for the “Eagle” boats. 

In this latter case the results obtained in the model tank agreed so closely with the esti- 
mates of performance as computed by the Bureau of Steam Engineering, and, from indica- 
tions obtained on the trial of the first of these vessels, so closely with the actual perform- 
ance as to instill into my mind a great confidence in the accuracy, and a supreme appreciation 
of the value, of model propeller experiments as now conducted by Commander McEntee. 

Close Agreement of Model Experiments with Estimate of Performance——Commander 
McEntee has requested me to analyze the propeller which he used in his experiments and to 
make an estimate of its performance behind the various hulls which he has used in order to 
ascertain the degree of agreement between the results obtained by the two methods. 

In order to give a clear understanding it will be necessary for me to give a brief descrip- 
tion of the method used by me and which has been obtained by manyyears’ study of the per- 
formances of actual propellers driving actual ships over carefully measured courses. 

The form of propeller blade selected from which to derive the design or performance 
factors is that of which the projected area is an oval with the greatest circular width at 0.7 
the radius of the propeller from the center. 

From these performances a series of basic curves of design has been obtained from 
which the performance of the propeller under these basic conditions can be obtained and the 
performance of the propeller under any other conditions of performance derived from this 
basic performance by the application of suitable factors entailed by the changed conditions. 

The basic conditions are denoted as follows :— 


I. H. P. = Basic indicated horse-power. 

S.H.P. = I. H. P. X 0.92 = Basic shaft horse-power. 

P.C. = Basic propulsive coefficient with maximum hull efficiency. (Taken for total pro- 
jected area ratio. ) 

E.H.P.—I.H. P. X P.C. = Basic effective (tow-rope) horse-power. 

P. A. =D. A. = Projected area ratio (outside 0.2 diameter) of 3-bladed basic propeller. 

4/3 P. A.D. A. = Projected area ratio of 4-bladed screw. 

2/3 P. A.D. A. = Projected area ratio of 2-bladed screw. 

1 — S = 1 — Basic apparent slip (for 3 blades) and for fullness of after body of vessel. 

I. T. D. = Basic indicated thrust in pounds per square inch of disc area of the propeller. 
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D = Diameter of propeller in feet. 

iP = Pitch of propeller in feet. 

T.S. = Basic tip speed (3 blades) in feet, of propeller. 
v = Actual speed of vessel. 

e. h. p. = Effective (tow-rope) horse-power for v. 


The power required to deliver e. h. p. where no cavitation exists is expressed by— 
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ss Ren and K is the thrust deduction factor. 
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The revolutions corresponding to the actual conditions of resistance are found by the fol- 

lowing equations :— 


where Z depends for its value upon the value 


L.H.P., XA, 
I.H.P. XA, 


where S is the basic apparent slip and A, and A, are factors depending upon the values 
of V and v. 

It should be borne in mind that slight variations in the form of blade have only slight 
effect upon the efficiency so long as the same projected area is retained, but do have a consid- 
erable effect upon revolutions; therefore we should be prepared to find but small differences 
between the estimated and tank powers if both methods are correct, but considerable varia- 
tion in the revolutions as the propeller used by Commander McEntee had blades of the 
Taylor form, while the standard blade form used by me, as already pointed out, is an oval. 

In determining the block coefficient to use for basic apparent slip, the open water (where 
the propeller is not covered by the limits of the load water plane of the ship) correction is 
applied for Hulls 2132, 2133 and 2134, directly to the standard block as ordinarily obtained 
for hulls of the given length, beam and displacement; while for Hull 2135, which had ab- 
normally full after body lines, this same correction has been applied to an increased stand- 
ard block, this block being 0.80 in the first three cases and 0.85 in the latter, the correspond- 
ing open water blocks being 0.532 and 0.61. 

The work of analysis and estimate follows, the estimated and tank powers and the esti- 
mated and tank revolutions being placed in parallel columns. 


s = Apparent slip= S 


Hutit CHARACTERISTICS. 
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Basic CONDITION OF PROPELLER. 
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EstrImMATE OF PERFORMANCE. 


Shaft horse-power 

aS 
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E. H. P. Est. Tank EVA: Teva. 
power power 

2132 | 8 480 | 0.1415 | .89 | 1.27] 735 750 3.48 2.78 | 0.09 60.4 62 
10 | 1100 3243 bl | 1.27] 1762 1800 3.48 3.01 1274 78.7 80.5 
12 | 2580 .7607 12 | 1.27] 4325 4500 3.48 3.23 1885 | 101.6 | 109 

2135 | 8 610 .1799 74 | 1.41 | 11538 1225 3.51 2.78 | .1379 63.75 | 69 
10 | 1240 8656 | .455 | 1.41 | 2220 2250 3.51 3.01 1564 81.44 | 86 
12 | 2500 1371 138 | 1.41 | 4607 4550 3.51 3.23 1955 | 102.5 | 109 

2133 | 8 450 .1327 91 | 1.27] 702 725 3.48 2.78 | .086 60.8 61.5 
10 925 2727 588 | 1.27 | 1472 1480 3.48 3.01 1065 76.9 77.5 
ll a a BAe secre A208 2000 Sk uenne ai 86.0 87 
12 | 1825 5881 276 | 1.27] 3020 2850 3.48 3.23 | .1316 94.9 98.5 

21384 | 8 490 1445 .855 | 1.27] 796 850 3.48 2.78 .098 60.0 63 
10 | 1000 .2949 | .553 |} 1.27] 1596 1700 3.48 3.01 1154 77.66 | 79.5 
12 | 1825 .5381 .276 | 1.27 | 3020 3150 3.48 3.23 .1316 94.9 97.5 

2023 | 8 480 1415 89 | 1.27] 785 we 3.48 2.78 .09 60.4 x 
10 925 2727 .588 | 1.27] 1472 pee 3.48 3.01 1065 76.9 Tae 
12 | 1660 .4895 |-.326| 1.27] 2679 3.48 3.23 1167 93.3 


The agreement between the two power columns is so close that it appears to me Com- 
mander McEntee has developed a method for obtaining quickly and cheaply all such data 
as it has taken me years to collect and, from the data so obtained, not only to deduce abso- 
lutely correct factors for propeller design but also to so classify hulls along such definite lines 
that the performances of combined hull and propeller can be forecast with the minimum of 
error. He is most heartily to be congratulated upon the results of his labors up to the pres- 
ent time and | hope and trust that he has not yet reached the end of his investigations. 


THE PRESIDENT :—Is there any further discussion on these two papers Nos. 9 and 10? 
If not, we will ask the authors to close. 


PROFESSOR SADLER:—I would like to draw attention to the fact that Professor 
Yamamato, of the University of Tokio, had a good deal to do with the experiments here 
presented. I was called away before these experiments were quite completed, and I think 
our thanks are also due to him for the very careful way in which these experiments were 
conducted after I left the University of Michigan. 


CoMMANDER McENTEE:—Referring to Admiral Taylor’s remarks, no attempt was 
made to find the most efficient propeller for each model. There was time available to make 
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experiments with one propeller only, and that was chosen of the dimensions ordinarily found 
in practice with this type of vessel. Such propellers ordinarily make 85 to 90 revolutions 
per minute at a speed of 11 knots, the pitch ratio being about 0.9. 

By reducing the revolutions per minute and increasing the diameter, the propulsive effi- 
ciency can be increased. I estimate that, with the same pitch ratio as used in the experi- 
ments, to increase the prismatic coefficient from 0.65 to 0.715—that is, by 10 per cent—it 
would be necessary to increase the diameter from 16.7 feet to 26 feet, and decrease the revo- 
lutions per minute at 11 knots from 86 to 44, with a corresponding decrease in slip from 
about 39 per cent to about 22 per cent. 

As the full-load draught of the vessel is 26 feet, it is apparent that a diameter as large 
as 26 feet could hardly be used. If the largest diameter that it would be practicable to use 
is taken as 24 feet, the revolutions per minute would be 49, the slip 25 per cent, and the pro- 
pulsive coefficient about 70. This would correspond to an increase of propulsive coeffi- 
cient of something less than 8 per cent of the maximum found in the experiments. 

There is another point about the matter which would require further experiment to de- 
termine, that is, as the propeller diameter is increased the propeller at the top of the disc would 
be working in water which has relatively a much greater wake, and it is probable that the 
hull efficiency would be somewhat less than that obtained with the smaller propeller. 

In the foregoing discussion it has been assumed, of course, that there is no change in 
pitch ratio. It is possible that a reduction in pitch ratio and an increase in diameter might 
permit higher revolutions per minute without much sacrifice in efficiency. 

With reference to the discussion by Admiral Dyson, it is extremely interesting. As is 
stated by him, his method of propeller analysis and design is based on data covering the per- 
formances of actual propellers driving actual ships over carefully measured courses. It is 
naturally gratifying to find that estimates of shaft horse-power as obtained by self-propulsion 
tests in the Model Basin agree so closely with estimates based on data obtained from the trials 
of actual ships. The two methods are entirely independent, so that the agreement between 
the results obtained by each naturally confirms the confidence in the reliability of the two 
methods. The agreement between the estimates made by Admiral Dyson and the results 
obtained in the Model Basin in the case of the best model—that is, No. 2133—which is 
nearest to the normal form, is remarkable. 

The statement as to the reason for the difference between the revolutions obtained by the 
two methods is due to the standard forms of propeller blades used, particularly to the differ- 
ence in thickness of the blades, the Taylor form used being considerably thinner than the 
Dyson standard; but even at that the variation in revolutions is not great. 

Answering Mr. Robertson’s query as to the apparent and true slip, these were ‘both 
measured with reference to the pitch of the blade face, the apparent slip being the difference 
between the pitch speed of the propeller, that is, the pitch in feet multplied by the revolutions 
per minute, and the speed of the ship in feet per minute. The true slip is measured in a | 
similar manner, but the speed of the ship is reduced by the amount of the wake. 


THE PRESIDENT :—I am quite sure that you will agree with me that a vote of thanks 
should be presented to each of these gentlemen, Professor Sadler and Commander McEntee. 
All those in favor of a vote of thanks to these gentlemen say “Aye’’; contrary-minded, “No.” 
It is unanimously carried. 

Paper No. 11, “Recent Developments in Shipyard Plants,’ by Commander Sidney 
M. Henry, C. C., U.S. N., will now be read. 


RECENT DEVELOPMENTS IN SHIPYARD PLANTS. 
By Nava Constructor S. M. Henry, U. S. N., MEMBER. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


Prior to the demand for naval and merchant ships, resulting from the needs 
of the present war, there had been for a number of years little development in the 
shipyard plants. It was hard to make both ends meet, and very little money was 
left for expansion, either in the amount of shipbuilding equipment or in its char- 
acter. In the last three years these conditions have entirely changed, and sums of 
money beyond the dreams of a few years ago have been provided with the view of 
increasing the number of ships that could be built, and of allowing the more rapid 
and less expensive construction of the larger vessels. 

Of that class of development, which consists in providing for a greater number 
of vessels, we have seen the principal examples in the fabricating yards at Hog 
Island, Newark Bay and Bristol, though the increase in number of ways available 
has been by no means limited to these yards. Many ways have been added in other 
yards, and entirely new plants have been built up. 

The second general line of development has resulted in providing bigger and 
more modern building slips and larger and more effective shops, in order to permit 
the construction of the capital ships provided in the Navy’s three-year building pro- 
gram, and to cut down the time of construction and save on the all-important item 
of labor. Development along these lines has not been required for the merchant 
program, and has, therefore, taken place only at the navy yards and at the plants of 
the older shipyards which have in the past been the builders of the Navy’s armored 
vessels. 

_ From a purely engineering point of view that form of development is likely 
to be the more interesting which provides for the building of the largest vessels, the 
handling of the greatest weights, and, therefore, the construction of the largest 
building ways and shops. Where the expansion of the shipbuilding facilities has 
been obtained by the creation of new yards of a few ways each, it would not be ex- 
pected that any unusual plant developments would result. In the case of the great 
fabricating yards, there are, of course, many new problems, due to the vast size of 
the undertakings; but on the whole it is more a question of multiplying the slips and 
other facilities such as exist in yards with few slips than the creation of new de- 
signs of shops or new arrangements of slips and plants. The great increase in the 
number of slips in the newer fabricating yards, which is required by the number of 
vessels to be built and the short periods of construction contemplated, involves a 
multiplication of the number of men formerly employed in shipyards, of the weight 
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of material handled, of the provisions necessary for the receipt and unloading of 
cars, and of many of the other problems involved in the operation of the yards. 


BUILDING AND REPAIRING. 


So far the expansion of the shipyards of the country has been almost entirely 
in the direction of shipbuilding. After the vessels now being turned out in large 
numbers by the Emergency Fleet Corporation have been put in service, there will 
be a gradual shifting of the burden from the building to the repairing yards. It is 
perhaps well to look somewhat into the basis by which the capacities of both build- 
ing and repairing yards can be considered. 

So far as building is concerned, the natural unit is the building slip. A yard 
with so many slips should be able to turn out a definite number of vessels per year, 
depending on the length of time during which a vessel must remain on the ways. 
All other calculations are based on the number of slips provided and the estimated 
length of time that the vessels are to remain on the slips; that is, the extent of the 
shops, of the storehouses, of the fitting-out berths required, and the number of men 
that it is expected to employ; therefore provisions for housing and transportation 
are all a function of the number of slips and the length of time on the slips. 

In passing from consideration of the building problem to the repair problem, 
this general method of viewing the question is lost, and some other basis of esti- 
mate must be adopted. The one which seems most nearly to meet the problem is 
the amount of berthing space, that is, the number of vessels that can be drawn into 
a yard at one time on which repairs can be carried out. Assuming a definite amount 
of berthing space, the maximum number of ships that can be under repair at a time 
is determined, and the extent of shops and the number of men for which provision 
must be made follows more or less automatically. 

With a basis for arriving at the facilities required per building slip, and simi- 
larly per hundred feet or per thousand feet of berthing space, means are available 
for arriving at a reasonable judgment as to the total requirements for. yards engaged 
on both new construction and repair work. Some of the more important elements 
of the shipyards, especially those involving greatly increased size or capacity, as 
compared to the earlier installations, will be briefly touched on. 


BUILDING SLIPS. 


The building slip itself, apart from weight handling facilities, has undergone 
comparatively little change. Concrete has been extensively used, but the majority 
of the new slips are of wood pile construction, and there is nothing unusual in their 
size except in the comparatively limited number of slips being provided for capital 
ship construction. These, in general, make provision for ships of a maximum length 
of 1,000 feet and beam of 110 feet, being the limiting size of vessels that can pass 
through the Panama Canal locks. So far as the beam is concerned, this does not 
represent a very radical increase over the largest battleships previously built, but 
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makes provision for a very great increase in the length as compared to vessels which 
have been so far constructed in this country, and involves the consideration of 
launching weights and facilities suitable for vessels of these great lengths. So far 
as the Navy Department designs are concerned, the capital slips have all been pro- 
vided with an average inclination of slips of one-half inch per foot, provision being 
made for launching on a camber, the actual declivity of the building slips being 
seven-sixteenths inch per foot for the upper half and nine-sixteenths inch per foot 
for the lower half of the slip. The design of these slips contemplates the use of 
concrete throughout, though in a number of cases, due to lack of time or money, it 
has been necessary to substitute wood pile construction. With concrete slips of this 
great length, and the height that necessarily must be reached at the upper end of the 
slip, provision can be made for utilizing a very considerable area underneath the slip 
for stowage purposes and for carrying on such classes of work as can most advan- 
tageously be done in the immediate vicinity of the vessel under construction. 

An interesting type of building slip, which perhaps is the first of its kind, at least 
on such a large scale, has been provided at one of our navy yards, where a shallow 
dry-dock has been constructed with a depth over the blocks at mean high water of 
20 feet. The dock has essentially the same dimensions as the other capital slips, pro- 
viding for a vessel slightly under 1,000 feet long and of a beam of IIo feet, and in the 
details of construction resembling other large dry-docks, except that the draught is 
very much reduced. The caisson will be of the usual type; provision will be made 
for pumping out the dock, but at a very much slower rate than would be needed if 
it were to be normally used as a dry-dock. With this arrangement, the weight hand- 
ling facilities could be of any type that might be selected for the normal type of slip. 
In this particular case, the cranes are to be of the traveling, rotating, hammerhead 
type, with a capacity of 15 tons at 85 feet radius, electrically driven. The ad- 
vantages which we look forward to in this construction are, first, of course, the 
elimination of the risk and expense of launching, and second, the facilitating of the 
erection, due to building on an even keel, and the elimination of the difficulties inci- 
dent to delivering men and materials at the height of a vessel when built on an in- 
clination. In addition to being on an even keel, the vessel will be very much lower, 
approximately 50 feet, and the height of the weight-handling cranes can be corre- 
spondingly reduced. If the conditions at the yard at the time make it desirable, the 
vessel can be carried to any degree of completion prior to launching, with the only 
limitation that the draught cannot exceed the depth of water over the blocks. The 
other side of the picture is the increased cost, which in this particular case, owing to 
the sub-soil conditions, not requiring piling, is not expected to be materially greater 
than in the case of the usual form of slip. For naval purposes, a building slip of 
this type has a further value, in that considerable periods of time may elapse dur- 
ing which building work is not carried out, and the slip will then be available for use 
as a dry-dock or a wet slip for small vessels. 
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There is perhaps more room for individual preference in the selection of the 
type of cranes to be used for handling material at the building slips than in any 
other feature of shipbuilding yards. This freedom of choice has been fully exer- 
cised in the extension of the older yards and the construction of the newer ones. 
With the exception of a limited number of special installations, such as the cable- 
ways used in some of the western yards, the available types fall into three general 
classes :— 

1. Traveling, traversing cranes. Those which have both a longitudinal travel 
and a cross travel. 

2. Traveling, rotating cranes. Those which have a longitudinal travel and a 
rotating motion. 

3. Fixed, rotating cranes. Those which have no longitudinal travel, and de- 
liver their material at the desired point by rotating, and either by trolleying or 
luffing. 

In the first class is included the cantilever type, which was in favor in the early 
days of large shipbuilding, but which has now generally been abandoned, at least as 
far as new installations are concerned; and the bridge type, which probably gives the 
most effective service, though generally at the highest cost. Cantilever cranes are 
not a desirable type on account of the great inertia of the moving part, and on ac- 
count of the limited number of hooks that can be made available, the combination 
tending to limit the speed of erection. Bridge cranes permit the handling of the 
heaviest weights and provide an installation that most nearly approximates shop con- 
ditions, so far as concerns ability to deliver material at all points. The principal 
argument against this type is its initial cost. It has been generally adopted for the 
larger and more expensive slips, and some one of the rotating types has found most 
favor for the slips intended for smaller vessels, or where it is not feasible to finance 
the higher original cost. 

The traveling rotating types include the hammerhead and luffing types of 
cranes operating on wide-gauge tracks on the ground, and also electric and steam 
locomotive cranes operating on runways of the general type used with cantilever 
cranes. The cost of these types is apt to be less than bridge cranes and also less 
_ than the fixed, rotating cranes, if a limited service only is to be provided. With an 
equivalent service as compared with the fixed, rotating cranes, the cost should not 
be radically different. Some very rapid construction in the last few years has been 
done, utilizing electric locomotive cranes on elevated runways, and where the weights 
to be handled are not high or the length of the ships under construction great, this 
gives an effective service. The cranes that travel on the ground are more expensive 
than is at first apparent, on account of the cost of the track installation. Their 
longitudinal travel is relatively slow, owing to the inertia of the moving parts. In 
general, this class of crane appears to the best advantage in building vessels of 
moderate size, where the individual weights to be handled are not large. 
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The fixed and rotating cranes involve a great variety of types, which include 
the hammerhead type, the luffing boom type, both rotating on relatively high towers, 
the staid type supported on the ground, and derricks placed on towers such as are in 
general use in building construction. In general, the most suitable field for this class 
of crane is the slip for smaller ships, involving the handling of small weights, as the 
handling of relatively heavy weights means the providing of a large capacity for 
most or all of the cranes. The chief objection to them lies in their relatively small 
capacity and short reach, necessity for large numbers of operators, and the diffi- 
culty in delivering and storing material within reach of the crane to be used in plac- 
ing it on board the vessel. There have been some recent installations in the navy 
yards of the revolving, hammerhead type of cranes, which for small vessels have 
proved to be very satisfactory. These have a capacity of 5 tons at 95-foot radius 
and 10 tons at 50-foot radius, the height of hook being about 95 feet above the 
ground. The new capital slips being built in the navy yards are all of the bridge 
crane type with characteristics adopted after many tentative designs which con- 
sidered capacities from 10 tons to 150 tons. The arrangement as finally adopted pro- 
vides for two 40-ton cranes, each spanning the entire structure, and permitting a 
lift of 80 tons, with a double row of cranes above the main cranes, all of them 
plumbing the center line, and having capacities of 10 tons each. 

In these slips provision has been made for the construction of a maximum 
vessel of 110-foot beam, or for two merchant vessels abreast or three destroyers 
abreast. The clear width between the columns of the crane runways is 130 feet, and 
the columns slope outward so that the hooks of the cranes will plumb the centers of 
cars on the standard gauge tracks running the length of the slip under the towers 
on each side. This requires a crane span of 151 feet 9% inches. The height of the 
hooks of the main cranes above the yard level approximates 125 feet. The center to 
center width of these slips is 164 feet, and as they provide for the construction of 
ships with 110-foot beam, the ratio of slip to vessel is 1.49. This is a dimension 
that has a direct bearing on the selection of the type of crane to be used. The 
ratio of the distance between centers of slip to the beam of vessel becomes in large 
yards a feature of considerable importance as regulating the total amount of water 
front required for a given number of ways, and to a certain extent the area of land 
to be included in the plant. As many factors of cost of plant bear a direct relation 
to the area, any unnecessary extension involves an undesirable increase in cost. 


STRUCTURAL SHOP. 


The activities of the yard most directly connected with the building of ships are 
housed in the structural or shipfitters’ shop. There has been, in the development of 
the larger private yards and of the principal navy yards, a tendency to adopt com- 
mon characteristics, with the result that some of the largest private and government 
plants have adopted almost identical characteristics, though arrived at independ- 
ently. In several instances the navy yards are erecting a structural group which in- 
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cludes not only the shipfitters’ shop, but also the forge shop and boiler shop, and may 
later include the sheet metal and pipe shops. The shipfitters’ shop in each of these 
cases consists of two bays, one for plate work and one for angle work, each 100 feet 
wide and 700 feet lorig, a mould loft being provided over the angle bay of the full 
size of that shop. The under side of the floor of the mould loft and of the roof 
trusses of the plate shop is at a height of 45 feet above the shop level, and the 
height of mould loft from floor to roof trusses is 9 feet. The plate and angle shops 
are provided with three tiers of cranes, the upper tier spanning the full width of 
each bay, having 15 tons capacity, and providing for a total lift of 30 tons; the 
second tier consisting of traveling jib cranes of 3 and 5 toms capacity at reaches 
of 30 and 20 feet with a hook height of 25 feet. The lower tier consists of special 
cranes intended to carry yoke riveters and smaller portable tools. For these last 
cranes electric motors for travel are provided with a swinging boom and a chain 
hoist to facilitate the handling of such tools. The lower tier of cranes will extend 
for about a third of the length of the shop at the outgoing end, as they are intended 
primarily for work in connection with assembling and riveting. 

Structural material is to be stowed on the principle followed by many of the 
bridge builders, a series of bridge cranes operating on runways extending across the 
incoming end of the shop. This stowage space will provide an area of approximately 
160,000 square feet, consisting of four bays served by bridge cranes with 80-foot 
spans, and the area will eventually be roofed over. It is proposed to deliver mate- 
rial into the stowage space by standard gauge tracks, and to deliver into the bays of 
the shop by narrow gauge tracks. It is not expected that 160,000 square feet will 
give the full stowage area required for building and repair work for the largest 
yards, and further provision will be made for a reserve stowage in a less central 
location. Continuous flow of work is to be obtained by the raw material entering at 
the end of the shop adjacent to the stowage yard going first to the laying-off space, 
then to the fabricating area and thence to the assembly space and out at the oppo- 
site end of the shop, delivery from the shop to the building slips being by means of 
standard gauge tracks. With this arrangement, a piece of material may be delivered 
from any point in the shop to any ship under construction with a maximum of three 
moves, the first from its position in the shop to a car by means of a bridge crane, the 
second by the transfer of the car under the slip, and third, from the car to the loca- 
tion desired on the ship by a bridge crane. There is no combination of shop bays 
and building slips, where there is more than one of each, that can accomplish this 
transfer with less than three moves. 

The size of plates used in ship construction has grown steadily, and an effort has 
been made in laying out these shops to adopt as the maximum size that we are likely 
to come to, a plate 36 feet long by 8 feet wide, and to provide machine tools and ar- 
rangements so that any increase in size up to this point may be taken care of with- 
out the discarding of the present outfit or its rearrangement. In comparatively re- 
cent years we have gone successively through the stages of equipping for 24-foot, 
28-foot, 30-foot and 36-foot plates. The cost of equipment, especially rolls, increases 
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rapidly at the very long lengths, and machine-tool manufacturers are not generally 
equipped to provide machines of greater capacities, so it is likely that an increase 
beyond this size will not come for some time. 


FITTING-OUT CRANE. 


The nature of the building slips has been touched on, also the characteristics of 
the structural shop, and the next item which plays an important rdle in the general 
scheme of construction is the fitting-out crane; for on its size and ability to handle 
heavy weights is dependent to a considerable extent the point at which it is desirable 
to launch and the condition of assembly of machinery and other parts that can be 
taken care of. 

Compared with the large shipbuilding plants abroad, there is poor equipment 
for handling heavy weights in this country, whether in private yards or in govern- 
ment establishments. The maximum capacity of any crane in this country at the 
- present time, so far as shipyards are concerned, is 150 tons, and there are few of 
these, whereas in the big foreign yards there are many cranes of 250 tons capacity. 
The great cost of this class of equipment has undoubtedly prevented its installa- 
tion, especially in view of the fact that very large merchant construction has not 
been undertaken, and it has been possible to get through past naval programs with 
available facilities. With the possibilities of larger merchant construction and the 
growth in the size of naval vessels and of their ordnance, 150-ton cranes are no 
longer of sufficient capacity, and provision for a materially larger lifting capacity 
must be made if future naval requirements are to be met. 

The heaviest weights required in ship construction are the turrets of battleships. 
Their weight, stripped of armor and guns, is likely to be in excess of any practicable 
crane, so that the problem to be faced in determining crane capacity is how great a 
capacity can be obtained without involving excessive or unreasonable expenditures. 
All of the Navy’s large cranes have so far been of the floating type, the earlier ones 
of the cantilever construction, and the later of the revolving, luffing type. 

An investigation of the possibilities of building floating cranes of materially 
greater capacity led to the opinion that the cost of such cranes would become pro- 
hibitive, and further, that their great size would be such as to make it practically 
as difficult to move them as to move the ship for which the weights are to be handled. 
This study further led to the view that it was feasible to obtain fixed shore cranes 
of the revolving, hammerhead type of 350 tons capacity, but that a capacity ap- 
proaching this could not well be obtained with a traveling crane of any type, and 
that no other type appeared to compare favorably with the hammerhead type. As 
a result of this investigation a crane is now under construction for one of our navy 
yards having a capacity of main hoist of 350 tons at a radius of 115 feet, and of 50 
tons at a radius of 190 feet. In addition to the main hoist, there is an auxiliary 
hoist of 50 tons capacity. The height of the main hoist above the yard level is 145 
feet. The base of the crane is of the portal type, the over-all width being 61 feet, 
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with a clear opening of 51 feet, allowing for a double track, standard gauge system 
running through it. It is proposed to install the crane on the center line of a pier 
of 100 feet width, giving a clear reach of 65 feet at 350 tons capacity, and 140 feet at 
50 tons capacity. The crane will be installed 400 feet from the outer end of the pier 
1,000 feet long, the location being based on allowing the handling of weights on any 
point of a vessel 1,000 feet long, and for giving the most convenient handling of 
weights for vessels of lesser lengths. So far as we know, this will be the largest crane 
that has yet been built for the shipbuilding industry. Located as outlined, the crane 
will give equal service on both sides of the pier, and can take the heaviest loads 
from barges on one side and place them on board vessels secured on the other side. 


TURRET SHOP. 


One of the serious problems connected with the building of large naval vessels 
is the completion and installation of the turrets within the period of construc- 
tion of the vessel. With comparatively limited weight handling facilities, the con- 
struction of the turret cannot proceed beyond the assembly of the bare structural 
work until after the vessel is launched, the heavy structure being handled in separate 
pieces to be assembled on board the vessel. The large amount of fitting and in- 
stalling then remaining occupies the entire time until the vessel is completed. A 
method of construction which offers much brighter prospects for rapidity, but in- 
volves large initial expenditures for equipment, is to build the turrets complete in a 
shop, to then remove the armor and guns and strip the turrets to a weight that can 
be handled by the fitting-out crane, and to lift the turrets on board in this condition 
soon after launching. With a crane of the capacity described above, this process is 
entirely feasible, but involves the provision of a turret shop. The work to be done 
in such a shop is a combination of work such as is done in the structural shop and in 
the machine shop, and involves very heavy crane service and great height of build- 
ing. In order to get the maximum benefit of the fitting-out crane, the capacities 
of the shop cranes should be equal to it, and designs have been prepared for a shop 
of this type which is to have a height to the under side of roof trusses of 94 feet 
and span of 100 feet, and to be fitted with two 150-ton bridge cranes, giving a com- 
bined capacity of 300 tons. With a shop of this character located on the water front, 
it will be feasible to extend the crane runway over the water a sufficient distance to - 
permit the placing of a turret on a barge, which in turn will deliver it within reach 
of the fitting-out crane. 

Owing to the great height of the completed turret structure, it is necessary 
either to provide a deep pit for the lower portion of the turret to extend into, or to 
provide an excessively high roof; or, what appears better, to combine the two 
methods, which can be done, with a height of 94 feet to the roof trusses and depth 
of pit of about 16 feet. These dimensions are sufficient to allow the complete as- 
sembly of a number of turrets and their removal from the shop as completed. A 
length of shop of about 60 feet per turret will be required. 
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Plant developments, such as are described above, are justified only where large 
construction work is to be carried out. In turn, such construction necessitates the 
production of large steel forgings and castings and their machining ready for in- 
stallation. Few of the private yards have been in a position to make their largest 
iron castings, and practically none to make their steel castings and forgings. The 
present development of these shops in the navy yards is intended to place them in a 
position that will enable them to make promptly any repairs that may be needed in 
war time, with the single exception of heavy ordnance. 


FORGE SHOP. 


In order to make the largest engine and hull forgings, an equipment consisting 
of a 2,000-ton high-speed steam hydraulic forging press and smaller presses and 
hammers is required, as well as furnaces and heat treating equipment necessary in 
connection with the operation of presses of this size. A building consisting of a main 
bay 65 feet wide and 67 feet to the under side of roof trusses has been provided 
for the heavy forging work with two 8o-ton cranes. In addition to the main bay, 
there is being provided a lower bay with 5-ton crane service, and with a height of 29 
feet, to take care of the hand fires, etc. In view.of the character of the work done 
in the boiler shop and the size of the crane equipment required for it, it has been 
considered desirable to combine these two shops in one, for this purpose providing a 
total length of 700 feet. An effort has been made in laying out these shops to get 
away from the old idea that a blacksmith or forge shop must necessarily be dirty and 
poorly lighted without the usual conveniences found in other shops. The type of 
construction is the same as adopted for the other large shops, that is, steel frame, 
hollow tile and steel sash sides and Aiken roof. It is intended to provide a wood block 
floor, except in certain locations of limited area where hot metal is likely to come 
in contact with it, in which locations cast plates will be fitted. With a clean floor, 
ample light and ventilation and oil fuel, it is expected that the working conditions 
can be made in this shop to approach those found in other yard shops. 


FOUNDRY. 


Provision will be made in the new foundries for the production of all sizes and 
characters of castings used aboard vessels. The buildings are to have a main bay 
80 feet wide and 75 feet to roof trusses with about 80-ton and 15-ton cranes, as well 
as traveling wall cranes. The side bays are to be 55 and 45 feet wide, the one on the 
side opposite the cupolas to have a second floor. There will be provision for brass, 
iron and steel casting, the equipment including both electric and open hearth fur- 
naces, able to make the largest steel castings called for by naval vessels. 


MACHINE SHOP. 


Provision in the machine shops must be made, not only for handling the forg- 
ings and castings of the largest size, for which some of the yards are already pro- 
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vided, but also to take care of a much larger volume of work than has been pro- 
vided for in the past. The larger machine shops now under construction meet the 
general development under way in the other departments and consist of a main bay, 
80 feet wide, with a height of 85 feet to the roof trusses; with a secondary bay, 50 
feet wide, with a height of 26 feet to the cranes of 20 tons capacity; and a second 
floor of the same width, crane capacity of 5 tons, and a height of 18 feet to crane 
rail. Lean-tos outside of this take care of offices, tool rooms, locker rooms, etc. It 
is expected that a total length of shop of this section of approximately 1,000 feet 
will take care of all of the large work. In addition, a machine shop for small work 
will be provided of the same length with a width of approximately 60 feet, and six 
stories in height. 

The outline in the case of the last three shops is very brief and is intended only 
to give a general idea of the expansion and development found necessary and being 
made in these departments to conform to the developments under way in the depart- 
ments that build the hulls. 

The growth of many of the minor activities has not been out of proportion to 
that which we find in the main elements of the yards, and such activities as galvan- 
izing and generation of oxygen, which have in the past been placed anywhere that 
room could be found for them, have grown to the dignity of independent shops of 
considerable size, and other activities are still coming on, which give promise of tak- 
ing a prominent place in shipyard work, the most outstanding of these at the present 
time being electric welding. 

We have to thank the present demand for ships for the progress that has been 
found possible in the development of the plants. With a continued demand for more 
and larger ships, it is to be expected that the growth of the plants, which has been 
begun, will be rounded out so that each department will in its own line be able to 
compare favorably with the best shops doing a similar character of work in other 
industries. 


DISCUSSION. 


Tue PresipENT :—The next paper which we will take up is No. 12, entitled, “Present 
Status of the Concrete Ship,’ by Mr. R. J. Wig, Visitor. 


Mr. Wig presented the paper, and in connection therewith made the following state- 
ment :— 

“Up to two or three years ago the majority of engineers were rather skeptical about the 
possibility of building concrete ships, but to-day it would be difficult to find a structural 
engineer, familiar with reinforced concrete, who does not believe that concrete ships can be 
built structurally the equal of a steel ship. Many of you gentlemen are steel shipbuilders and . 
may question this statement. The only feature of the concrete ship which may limit its life 
to this emergency is that of economic operation. Whether we can build it light enough so 
that it can be operated and compete with other forms of construction has not been de- 
termined.” y 


PRESENT STATUS OF THE CONCRETE SHIP. 
By R. J. Wic, Esg., Visrror. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


There is much interest throughout the world in the development of the concrete 
ship. Ships of concrete are at the present time being built in England, France, 
Spain, Italy, Germany, Norway, Turkey, China and the United States, but so far 
as we are informed, there are no concrete ships under construction outside of the 
United States larger than 3,000 tons deadweight. The United States Government 
now has under contract 56 concrete ships, varying in size from a few hundred tons 
to 7,500 tons deadweight, aggregating 300,000 tons total deadweight, in addition to 
some 34 barges and lighters, and the future position of the concrete ship should be 
established by the results obtained from these ships which are now under contract 
and building. 

The use of reinforced concrete for ship construction has been suggested by the 
structural engineer and not by the naval architect. Like all innovations its develop- 
ment has been observed by some with much skepticism. The structural engineer has 
worked under a great handicap in not knowing the premises of ship design, and dur- 
ing these very busy days of the past two years it has been difficult to obtain the as- 
sistance of naval architects who could join the structural engineer in adopting this 
new material to ship structures. 

It is a misnomer to call the concrete ship a “stone” ship. It is essentially a steel 
ship in which the proper quantities of steel are located where strength is necessary 
and concrete is used as an envelope and cementing medium with certain contributing 
strength. 

Unfortunately the structural design of ships in general has not been developed 
on theoretical grounds, but rather from empirical standards and experience. Rein- 
forced concrete is such a radically different material from steel and has such dis- 
similar physical properties that it has been necessary to devote much time to theo- 
retical analysis of the ship structures which is not undertaken at all in steel ship 
design. 

Reinforced concrete is a structural material which is capable of carrying any 
structural strains which can be carried by steel alone; therefore, in order to make 
a concrete ship equal structurally to a steel ship, it is but necessary to make careful 
analysis of the steel ship both as a whole and in its individual elements, to provide 
the required quantities of steel as reinforcement in the concrete where tensile strains 
are involved, and provide the concrete tocare for the compression and shear strains 
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and as a carrying envelope for the steel. When reinforced concrete was first pro- 
posed for building construction, only a few years ago, its use was prohibited by 
many of our municipalities, and engineers looked upon the innovation with skepti- 
cism. ‘Today the structural steel building is the exception, and reinforced concrete is 
accepted as one of our most reliable structural building materials. 

The first reinforced concrete cargo motor ship was designed and built by the 
Fougner Concrete Shipbuilding Company at Christiania, Norway. It was of 400 
tons deadweight and was launched in August, 1917. This ship has been in constant 
service for over one year, and a recent report states that it is giving thoroughly sat- 
isfactory service and shows no cracks or defects of any kind. 

The concrete ship Faith, which is the pioneer American concrete ship, is of 5,000 
tons deadweight. She was successfully launched in March, 1918, made her maiden 
voyage from San Francisco to Vancouver and return, passing through a severe storm 
without showing structural weakness of any kind. She has since sailed with cargo 
to Peru and has made a return voyage from Iquique, Chile, to New Orleans, via the 
Panama Canal, with a cargo of nitrate. She now is bound for New York via Cuba 
with a cargo of sugar. 

This ship has received the normal treatment of all ocean-going ships, having 
sailed under her own steam, been towed, docked and dry-docked without evidence of 
weakness. She will enter the transatlantic service upon completion of the present 
voyage. The ship and cargo are both insured at rates only very slightly higher than 
those charged for steel ships of the highest classification. 

The concrete ship is truly a product of necessity. We have been working on the 
concrete ship comparatively a very short time and therefore we do not expect the 
present ships to be the ultimate concrete ship; they must be judged as pioneers, and 
imperfections are to be expected. Since the concrete ship of large size (3,000 tons 
and over) is being developed almost wholly in the United States, and mainly by the 
Emergency Fleet Corporation, a discussion of the present status of the concrete ship 
will be confined largely to a discussion of this work. 

In the development of the designs prepared by the Emergency Fleet Corpora- 
tion, experienced naval architects and structural engineers have been employed. J. L. 
Bates and F. B. Webster have furnished the lines for these ships and have been re- 
sponsible for the necessary scientific ship studies. The concrete ship differs consider- 
ably in weight distribution from other types of ships, and the structural material is 
of such a nature that the concrete ship must receive special consideration and study 
not ordinarily required in other ship design, in order to obtain the most economical 
distribution of material for the required strength, both from the standpoint of weight 
and of construction. The girder strength is determined by the conventional methods 
ordinarily used in steel ship design. The exact method employed is fully described in 
a paper presented at Atlantic City at the meeting of the American Concrete Institute 
in June, 1918.* In addition to these normal calculations very careful studies have 


*“Problems Arising in the Design and Construction of Reinforced Concrete Ships,” by R. J. Wig and S. C. 
Hollister. American Concrete Institute, June, 1918. 
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been made of the transverse strength. This is not commonly done in steel ship design, 
for the size of the transverse frames is fixed by the classification societies, being 
based upon data accumulated from many years’ experience. The methods employed 
in our calculations are fully described in the paper referred to above and will not be 
repeated here. 

Specialists have been employed to develop the various elements of the struc- 
tural design. In reinforced concrete design it is essential that we know the distribu- 
tion, character and magnitude of the strains throughout a structure in order to 
properly locate and proportion the steel reinforcement. 

There has been considerable discussion relative to the combined torsion and 
shear strains ina ship. A very thorough analytical investigation of this subject has 
been made by H. M. Westergaard, one of our engineers. The results of these studies 
will, no doubt, interest you and they are given below :— 

Torsional stresses are produced when the ship passes over the waves making an 
acute angle with the waves. In order to find what increase of stresses can be ex- 
pected due to this effect, an analysis was made of the torsional moments and the 
stresses produced by them. To find approximately the wave condition giving the 
maximum effect, a rectangular water-line section was first assumed, width one- 
eighth of the length. The usual assumption was made that the hydrostatic water 
pressure varies directly with the depth under the wave surface. For the sake of 
simplicity a sine wave was assumed instead of a trochoid, correction for the differ- 
ence being made afterwards. As usual the wave height was taken one-twentieth the 
length. The maximum torsion midship was then found to occur when the wave crest 
makes an angle of 19 degrees with the ship, when the line of the wave crest passes 
through the center of the ship and when the length of the wave is 0.475 times the 
length of the rectangular water-line section. Using the notation— 


T = total torsional moment. 
I = moment of inertia of water-line section. 


the maximum static torsion midship was found to be expressed by the formula :— 
P= BAO) nese OX Il 


(J measured in feet* gives T in lb.-feet.) 


This formula must now be revised from three viewpoints. First, the wave is a 
trochoidal wave, not a sine wave. Second, the water-line section is a ship-shape 
section, not a rectangle. Third, the dynamic action should be considered. Assum- 
ing the wave length and angle as indicated above, the first two causes for revision 
appear to have equal and opposite effect, the trochoidal wave shape increasing the 
effect by 6.5 per cent beyond what is found for the sine wave, while the ship-shape 
water-line has a similar decreasing influence on the constant in formula (1) (the 28’ 
water-line, design 41, was used in the comparative computation). The third cause 
for revision, the dynamic action during rolling, appears not to change the value of 
the maximum torsion midship, provided the mass is fairly uniformly distributed. 
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Under this assumption the increase of the torsion due to dynamic action appears to 
be such that the resulting lengthwise diagram for the maximum torsional moments is 
a parabola, the maximum ordinate of which is given by formula (1). The torsion is 
maximum at or near the center, zero at the ends. It is emphasized that J in (1) is 
the transverse moment of inertia of the actual water-line section. 

When the total torsional moments in the various sections have been found, the 
next step is to determine the internal distribution of stresses caused by the torsional 
moment in each section. As in the case of a shaft, the torsion stresses are essentially 
shears in transverse and longitudinal sections, though longitudinal tensions and com- 
pressions may occur locally, say, where the section changes. Longitudinal tensions 
and compressions would also occur in the abnormal case of a deckless ship, in which 
the torsional resistance would consist of a resistance against bending of each side of 
the ship, the one side upwards and the other side downwards. [n order that the tor- 
sional stresses shall not be large, it is essential that one or more shells are formed by 
sides, bottom and deck, or by sides, bottom, decks and longitudinal bulkheads. These 
cases may be considered the normal ones, and these are the cases in which the essen- 
tial effect is shears in the transverse and longitudinal sections. These shears can be 
evaluated by analysis, either by the principle of consistent deformations or by the 
principle of least work. If only a single shell resists torsion the stress may be ex- 
pressed by a simple formula which will be given. The notation is :— 

A =area enclosed by the center line of the cross-section of the shell (for in- 

stance, cross-sectional area of the ship). 

T = total torsional moment. 

S = shear per unit length of circumference of shell. 


The formula is then— 
S == I /2al 

(A measured in square feet, T in Ib.-feet gives S in lb.-feet.) S is a constant all 
through the circumference. One central longitudinal bulkhead would not change the 
conditions, as, on account of the symmetry, it would not itself carry any torsional 
stress. Two longitudinal bulkheads would release the sides of, say 8 per cent of the 
torsional stress (typical case), but would increase the stress in the central parts of 
bottom and deck by about the same amount. 

Finally, the torsional shears should be combined with the shears of the regular 
vertical shear action. The regular vertical shear and the torsional shear do not be- 
come maximum for the same wave condition, hence the combination of the two 
effects cannot consist of a simple addition. We assume the conditions to be such 
that a 30° angle between wave crest and ship gives maximum torsional stress (this 
assumption is on the safe side, as slightly lower resulting values are found when the 
angle is smaller). Further, it is assumed that the wave section in the direction of the 
ship has top and trough at the same points for maximum regular shear and maxi- 
mum torsional shear. This assumption is also on the safe side. It is then found that 
the following formulas for the combined effect give very close approximations. The 
notation is:— 
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5s == maximum unit shear due to regular vertical shear action. 

¢ = maximum unit torsional shear. 

s* = maximum combined unit shear occurring at some intermediate wave condi- 
tion. 


The formulas are:— 
st) = 4/64 nie nutans 7 <i (32) 


c= ¢ .6 5 for s>¢ (34) 


a typical condition is represented by s = 400 |b./sq. in., t = 80 lb./sq. in. Formula 
(3a) gives in this case for the combined shear 


s= \ 4007 3.5 807 = 5 412 Ib./in.” 


As conclusions may be stated:—The torsional stresses are not negligible by 
themselves. In arranging the cross-section of the ship it should be held in mind that 
these stresses exist and that they are resisted most effectively by complete closed 
shells, formed by deck, sides, and bottom, or by decks, sides, bottom, and longitudinal 
bulkheads. At points where the section changes—for instance, at the ends of hatch 
openings—the local stresses due to torsion may reach high values unless special rein- 
forcement is provided and unless the details are carefully worked out. However, 
when the design is such that the torsional stresses in the shell are kept reasonably 
small, say not more than one-quarter or one-third of the maximum shear due to the 
regular vertical shear action, then the increase of the combined shear beyond the 
value of the regular shear is very small and can be considered as negligible. 

In addition to the analytical studies it has been necessary to obtain data on the 
physical properties of structures of unique design and concrete mixtures which had 
seldom before been used in structural work. These structural investigations are 
made under the direction of W. A. Slater at the Bureau of Standards’ laboratories 
at Washington and Pittsburgh, the laboratory of Lehigh University at Bethlehem, 
Pa., and the Office of Public Roads, Arlington, Va. 

The investigations are made to establish safe working stresses and standards of 
design. Tests already made demonstrate the safety of the designs first made and in- 
dicate how weights may be further reduced without sacrificing strength. 

One of the first serious difficulties in the design of concrete ships was that of 
getting sufficient strength to prevent cracks forming diagonally in the vertical sides 
of a ship of practicable weight. Using the methods ordinarily employed in rein- 
forced concrete design, a shell thickness of at least 15 inches would have been re- 
quired instead of the 4 inches used in our 3,500-ton cargo ship. 

Tests of large reinforced concrete beams were started to make certain that no 
_ mistake was being made in using a 4-inch shell. These first tests were made on :— 
(a) Beams 4 feet 4 inches deep and 18 feet 6 inches long; (b) one beam Io feet deep 
and 22 feet long; and (c) specimen ship frames of full-size cross-section and 20 feet 
span. The frames were cut off at a point corresponding to the point of inflection or 
4 feet 6 inches above the top of the keel. The tests were made in the 10,000,000- 
pound testing machine at the Bureau of Standards, Pittsburgh. 
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For the beams the load was applied at the center of the span upon the upper 
flange. The beams were supported at each end on a steel plate girder. The beam 
to feet deep was first loaded forty times with 640,000 pounds, which was four times 
as much as the maximum which the Standards of the Joint Committee on Concrete 
and Reinforced Concrete would have allowed as its working load. The widest crack 
at the first application of this load was thirteen one-thousandths inch, and with forty 
repetitions of the load there was no appreciable increase in widths of cracks. The 
beam was then inverted and load was applied in the opposite direction, causing 
failure at 1,363,000 pounds or nine times as much as the Joint Committee standards 
for reinforced concrete design would have allowed as a working load. 

Plate 104 shows this beam after it had been loaded from one direction. The 
cracks were painted to make them visible. The holes and channels cut in the con- 
crete exposed the reinforcement to allow measurements of change of length of the 
bars to be made. Plate 105 shows the beam after completion of the test in an in- 
verted position. The cracks formed in this test were approximately at right angles 
to those due to the first test. This view also shows the manner of failure. 

The ship frames were tested by applying, first, only a vertical load and adding 
later a horizontal load at the sides corresponding to the horizontal water pressure 
on the sides of the ship. It was found that the strength here was about eight times 
as great as the Joint Committee recommendations allowed for the working load, also 
that the shear due to the horizontal forces reduced the stresses set up by the shear 
due to the vertical forces; in other words, that the horizontal water pressure would 
reduce the stresses caused by the vertical shearing forces on the frame. The form 
and size of the ship frame specimens are indicated in Plate 106, which was taken 
before any load had been applied. Figs. 1 and 2, Plate 107, show opposite sides 
of the same frame after failure. The cracking was about the same on both sides, 
but in Fig. 2 the cracks had been painted to make them visible. This view shows also 
the places where the reinforcing bars were uncovered for the purpose of measuring 
elongations and shortening during testing. 

A larger series of beam tests is being conducted at Lehigh University. Plate 
108, shows the reinforcement for a typical beam of this series. Plate 109 shows 
a beam in the testing machine. These tests confirm conclusions based on the Pitts- 
burgh tests and will afford much more complete information on which to base 
design. 

These tests have made it possible to design with confidence, using working 
shearing stresses much higher than those which are recognized by the Joint Com- 
mittee on Reinforced Concrete for structural members of ordinary design and pro- 
portions. However, it has not been necessary as yet to use working stresses as high 
as appear from the tests to be justified. 

Tests are under way to determine the effect of rapidly repeated loads on a rein- 
forced concrete beam. A beam supported in a frame has a motor operating a lever 
in such a way as to apply a known load to the beam alternately upward and down- 
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ward at the rate of about 36 load applications (18 complete cycles) per minute. The 
tensile stress developed in the steel is about 23,000 pounds per square inch, and 
740,000 applications of the load had been made up to August 18, 1918. There had 
been no perceptible increase in the strain in the steel or the concrete after 1,000 
applications of load and very little increase between the first and the thousandth ap- 
plication. Cracks appear in the lower portion of the beam under downward load and 
in the upper portion under upward load. The largest cracks on August 18 were 
about 1/100 inch wide. With continual opening and closing of cracks, if any should 
occur in the alternate hogging and sagging of a ship, the possibility of a grinding 
action on the fractured surface has been considered as a possible destructive agency, 
but thus far in the test no such grinding has been observed. 

During the making of all large test specimens, small specimens of concrete have 
been made, using the same material as that going into the large specimen. The 
compression tests of the small specimens show strengths as great as the assumed 
strength on which the working stresses used in design were based. 

In order to determine whether in the complicated network of reinforcement 
present in the ship structure the quality of the concrete could be made satisfactory, 
special tests were made. Slabs 4 inches thick, with a very large amount of reinforce- 
ment made up into a complicated network, were poured on edge to a depth of 3 feet. 
All parts of the structure were well filled out with concrete, covering all the rein- 
forcement satisfactorily, and, in the load test which was applied, failure occurred by 
tension in the steel before reaching the ultimate strength of the concrete, although a 
stress of about 4,400 pounds per square inch in compression in the concrete had been 
developed. 

All the evidence thus far accumulated indicates that a concrete strong enough 
to warrant the use of a high working stress in compression (1,500 pounds per square 
inch) can be obtained in all cases where sufficient attention is given to the placing 
of the concrete. 

Tests are under way to determine the conditions under which leakage through 
construction joints and through cracks may be expected, and how it may be pre- 
vented. Thus far hollow beams, having wall thicknesses of 4 inches and construction 
joints in which as much as seven hours elapsed between the pouring of successive 
layers of concrete, have been tested under a 30-foot head of water. No leakage 
occurred through any of the construction joints and apparently none through the 
side wall except where the wall was penetrated by a steel tie bar. However, leakage 
did occur through the thicker upper flange of the beam where imperfections in the 
construction occurred. 

While under a pressure due to a 30- fat head of water, the beams were loaded so 
as to give a shearing stress of 300 pounds per square inch. It was found that where 
a diagonal tension crack was as much as 0.002 inch wide, a small amount of leakage 
occurred, and where it was 0.004 inch wide the leakage was appreciable. The tests 
are being continued to obtain more complete results. 

An inspection made by the United States Bureau of Standards in 1917 of rein- 
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forced concrete oil tanks then in service indicated that mineral oils had no deleterious 
effects on concrete which was cured before contact with the oil. The series of tests 
now under way confirms this conclusion and shows that certain organic oils do have 
a destructive effect on the concrete used. 

The penetration tests are being made with oil under a maximum head of 16 feet. 
The penetration into 1-2-4 concrete for the lightest oil used (73.7 Baume) was 
about 1.6 inch in 40 days, and for the heaviest oil (95.5 Baume) it was about 0.27 
inch. Preparations are being made for tests under a head of about 25 feet. 

Tests are under preparation to determine the relative advantages, for taking 
stress, of placing slab reinforcement parallel to and at an angle with the direction of 
the span. No results for these tests are available as yet. 

In a beam having large variation in the area of the cross-section there is uncer- 
tainty as to how much of this area is fully effective in resisting the tensile and com- 
pressive stresses. Analysis indicates that, if the entire area is available, the use of 
properly designed haunches in ship frames may permit a reduction in the weight of 
ship frames of from 20 to 30 per cent of the weight required on the basis of existing 
standards. A series of tests to obtain information on this question is now under 
way, but no results are yet available. 

The unit stresses now employed in the structural design are as follows :— 


CONCRETE. 


1. Maximum unit compressive stress in the extreme fiber in 

Hextrel eI hole Sl eee a ee ae ee eae Oe ee et 1,500 lbs. per sq. in. 
2. Maximum unit compressive stress in the extreme fiber in 

flexure, adjacent to support of a continuous or fixed ended 


Bean fe eee pete ee Se ene or 4). 1,700 lbs. per sq. in. 
3. Maximum unit compressive stress in stanchions .......... 1,000 lbs. per’ sq. in. 
4. Maximum unit shearing stress oy in tee beams and in 
Y, 
shellhoriother slabsih. yy ari eee Ae se een meEE TTR a tt 500 lbs. per sq. in. 
inisolated® beams \.5) hii ees rate eee Ree eae rau 300 Ibs. per sq. in. 


5. When the maximum unit shearing stress is less than 50 lbs. per sq. in., the con- 

crete may be considered to carry all the shear. 

6. When the unit shearing stress is greater than 50 lbs. per sq. in, reinforcement 

should be provided as follows :— 

(a) In the design of thin slabs, used as the webs of beams, with the shearing action 
perpendicular to any local shearing stress such as the shell, provide shear rein- 
forcement according to the formula and the diagram prepared by W. A. 
Slater, and a formula for combining shear and local stresses. 

(b) In all other cases provide shear reinforcement to carry the full amount of the 
shear. 
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7. Maximum unit bond stress not over.............2.+5: 160 lbs. per sq. in. 
or steel stresses to 16,000 lbs. and proportionally for other steel stresses. 
Es 
S07 — ——- = IO 
Es 
\ STEEL. 


1. Maximum unit tensile stress in all reinforcement except as 


SALEGUDeLGWs Ot LO WEXCEEC rei ieue eee aera la 16,000 Ibs. per sq. in. 
(a) Inall bulkheads except collision bulkheads ............. 20,000 lbs. per sq. in. 
Ron shell cemforcement exposed toiwaten weaves. -l0- 12,000 lbs. per sq. in. 


(c) Maximum unit tensile stress in top steel of keelsons due 
to combined local and hogging or sagging stresses not 
BON ORCECUN psyco! atc! ale! alu "A iacth eley telat ep VA Mea ad 2 1) 20,000 lbs. per sq. in. 


Aside from the design problems, much work has been done in developing mate- 
rials which would have greater structural strength than ordinary concrete, and less 
weight. If the concrete ship is to become a permanent institution, it is necessary 
that the unit weight of the concrete be reduced. Our efforts in this direction have 
been very satisfying. We have developed an aggregate of bloated clay which floats 
on water. Concrete made of it weighs less than 110 pounds per cubic foot, which 
is 20 per cent less than that obtained from normal sand and gravel aggregates. In 
addition to the light weight it has great strength, giving in excess of 4,000 pounds per 
square inch (in 28 days) in mixtures required in ship construction as compared with 
2,000 pounds per square inch for concrete used in ordinary building construction. 
This aggregate also makes a concrete having an impermeability equal to or greater 
than sand aggregates. The coefficient of efficiency (deadweight divided by total dis- 
placement) of the concrete ship of present design using the light weight aggregate is 
about 60 per cent. 

A Portland cement ground to a greater fineness is specified for ship construc- 
tion. This cement has greater strength and produces a concrete of greater plas- 
ticity and less volumetric change than normal cement. 

While the concrete does not require any special treatment in order to make it im- 
pervious to water or ordinary crude oils, it will not hold the lighter oils unless the 
concrete is of exceptional quality. Asa further guarantee of imperviousness, we pro- 
pose to apply a coating of spar varnish to the concrete which will make it impervious 
to all mineral oils. 

We have only indirect experience from which to judge the probable life of the 
concrete ship. We do know that under certain conditions of exposure the reinforc- 
ing steel of concrete exposed to sea water willcorrode. We have no precedent with 
the rich cement mixtures which we propose to use which in themselves may provide 
all the protection necessary, but as an added precaution we have developed some 
paint coatings to be applied to the surface of the concrete. The paints which we 
are using are as follows :— 
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A priming coat of magnesium fluosilicate (MgSiFl,) is applied to the entire 
hull. The solution shall contain not less than 15 per cent by weight of salt and not 
more than one per cent of any other substance in solution, nor more than 0.2 per 
cent of total chlorine. The paint which will give the best service has not been de- 
termined upon. Two types are being tried. One is a high grade spar varnish which 
is applied in two coats, and the other a bituminous paint consisting of asphalt base 
thinned with petroleum distillate. One or two coats of this latter is applied fol- 
lowed by a coat of the same paint thickened with about 15 per cent of finely pow- 
dered silicious matter and 15 per cent short fibred mineral asbestos. An antifoul- 
ing paint is applied on under-water parts and a boot topping paint on upper portion. 
The interior of the tank ships is coated with two coats of spar varnish. 

Not less important than the design and material problems are the construction 
problems. While a concrete ship is composed of steel bars and concrete, never 
before have we attempted to build structures with such proportionately large quanti- 
ties of reinforcement, with steel to be bent very exactly in irregular curves, concrete 
to be placed around this great mass of steel in very thin walls, with few or no joints, 
and forms to be built to exact and irregular curves. 

It isa task of great magnitude and deserving of much study. In this connection 
we have had specialists working upon the form construction, steel fabrication and 
concrete placing problems, and have made many tests and investigations. 

Another important field of the work of the Emergency Fleet which will espe- 
cially interest you is the investigation of the stresses in the hull of a ship at sea. 
This work is under the direction of F. R. McMillan. 

In its solution attempt is being made for the first time in the history of naval 
architecture, except for a single test reported by Biles, to establish experimentally a 
basis for scientific analysis of hull stresses. This work involves not only the plan- 
ning and carrying out of tests on a scale not heretofore attempted in any structural 
investigation, but also the development of special recording instruments for the 
measurement of strains in any part of a hull under conditions encountered in a storm 
at sea. 

Progress to date has been satisfactory. The Strainagraph, a recording strain 
gauge, as shown in Plate 110, has been developed, which has proven thoroughly suc- 
cessful. A recording pressure instrument specially adapted for measurement of 
wave pressures on the hull of a ship has also been perfected. Twenty-five of the 
former instruments and thirteen of the latter are being provided for the test of the 
“Liberty” ship now under construction at Brunswick, Georgia. Other arrangements 
for this test, which is planned to be very extensive, are well under way. 

As a preliminary to the important tests to follow, advantage was taken of the 
opportunity offered by the maiden voyage of the Faith to try out the instruments and 
to further develop the methods of test. For this test nine strainagraphs were avail- 
able. The records taken by these instruments simultaneously at nine different points 
in the ship were synchronized so that the exact stress at any instant at each of these 
points is known. The voyage of the Faith from San Francisco to Seattle, May 22 
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to 29, 1918, thus becomes a notable event in the annals of naval architecture; notable, 
not alone as the first voyage of the first large concrete vessel, but as the occasion 
when definite and reliable stress records were first obtained on a ship at sea. 

A section of one of the autographic records is shown on Plate 111. 

Some of the typical features of several of the concrete floating craft which have 
been designed by the Emergency Fleet are shown in the accompanying illustrations. 
(Plates 112 to 129.) 

The present status of the concrete ship is as follows :— 

1. All analytical investigations so far made demonstrate that the concrete ship 
can be designed so as to carry all the strains which come upon a ship just as safely 
as a steel ship. 

2. The tare weight of a concrete hull has been reduced to such an extent by the ~ 
development of a light weight aggregate that it has a proportionate carrying effi- 
ciency greater than wooden ships and only slightly less than steel ships. 

3. All available experience with concrete ships to the present time does not dem- 
onstrate any structural weakness which might indicate unsoundness in the theory of 
design of concrete ships or probable limited life. 

4. While ships of small size are being built in many places throughout the world, 
the large ship (over 3,000 tons) is being developed in the United States. 

5. There is no perceptible difference in the frictional resistance offered by a 
concrete ship as compared with a steel ship. 

6. Our general knowledge of reinforced concrete as compared with steel struc- 
tures makes the success of its further adoption for ship construction appear a cer- 
tainty, but actual experience is lacking and therefore its future cannot be predicted 
with absolute certainty. 


DISCUSSION. 


Tue PresipENT :—This paper, No. 12, entitled, “Present Status of the Concrete Ship,” 
is now before you for discussion. 


Mr. E. H. Rice, Member:—Mr. President and gentlemen, I have a few remarks which 
I have committed to paper—they are not extensive, and will not take up much time to read. 
However, before I read what I have written, I think it can be safely stated that the concrete 
ship has definitely arrived within a certain range. The concrete barge and the small self-pro- 
pelled coasting vessel of reinforced concrete are unquestionably successes. They have been 
developed in countries that are not rich in iron, and that form of construction has proven 
satisfactory. They also have a distinct war value in releasing steel and iron for other pur- 
poses. When you come to ocean-going ships of relatively large dimensions, that is something 
else; I do not propose to detain you with a discussion on that point because there has been a 
great deal published of late on the subject. The transactions of the Institution of Naval 
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Architects (London) for 1918 contain two valuable papers which were contributed this 
spring. 

The first paragraph in Mr. Wig’s paper, summarizing the work being done at the present 
time, is one which will attract the attention of this meeting. Doubtless there are many 
points in Mr. Wig’s paper’ which will be commented upon, but there are two points to which 
I should like to call attention. The first one is at the bottom of the first page, in which he 
states that it has been necessary to devote much time to the theoretical analysis of the con- 
crete ship structure, which is not undertaken at all in steel ship design. This statement ap- 
pears to me to be unwarranted, as examples of laborious investigations into the structure of 
steel ships are well-nigh legion. 

Now it is perfectly true, for every steel ship that is built, elaborate calculations are not 
made, and why? For the simple reason that we have built so many that if we were to attempt 
to figure out in detail the stresses involved in ordinary ships, which are perfectly familiar to 
us, and of which we have built hundreds and thousands, we would be unwarrantedly wasting 
time. That, I think, is a position which can be made good with regard to ordinary ships. 

Anyone who has seen the mass of data and the endless calculations on record in the 
archives of the leading classification societies will know that Mr. Wig’s statement is incorrect. 
I have seen some of the stress calculations undertaken at the time of the design of the Maure- 
tania and Lusitania. I have also seen some of the calculations involved in the design of the 
battle cruisers at present under contemplation for the United States Navy. These two ex- 
amples do not stand alone by any means. Reference can well be made to the laborious inves- 
tigations of the British Bulkhead and Load-Line Committees. The mass of data of excep- 
tional value worked up under the auspices of those committees will serve also to refute the 
statement. Perhaps Mr. Wig refers only to cargo ships of small size. 

Investigation into the question of oil steamer design (which class of ship represents, per- 
haps, the most difficult of cargo-carrying vessels) will repay the seeker after light on the 
subject of the investigations which have been undertaken in steel ship design. The work of 
Mr. Isherwood alone in this field is tremendous, and his work has been supplemented by much 
investigation on the part of those who have built ships under the longitudinal system of 
framing. 

There is a book called “Structural Design of War Ships” by a fellow-member of this 
Society, Captain Hovgaard. A very cursory perusal of this book will show Mr. Wig how mis- 
taken he is in his statement. 

The transactions of this Society and of its sister Society, “The Institution of Naval 
Architects” (London), to say nothing of the societies of Continental Europe and Japan, will 
further show how unjust the statement is. 

Passing to the other side of the equation, namely, the forces set up by the sea and by 
wave action in vessels, these questions have been the subject of extensive study, and if time 
permitted I could quote a long list of papers, etc., bearing on the subject. It would take very 
considerable time to merely read the titles of these investigations. 

It is to be remembered that the concrete engineers inherit the whole of this field of inves- 
tigation, which has been laboriously built up. by wood, iron and steel shipbuilders and those 
associated with them in the development of the art. General technical science had not ad- 
vanced as far when the steel ship began to sail the sea, and our concrete friends would do 
well to recall this fact. They started in or about this present year of grace, with a field one 
hundred times as well developed as that with which even the steel shipbuilders started. 


inh 


PRESENT STATUS OF THE CONCRETE SHIP. 197 


Another series which can be quoted as on record in our transactions, and in the transac- 
tions of kindred societies, is that of numerous metallurgical papers, all of which are open to 
the use of the present day shipbuilder. 

There is another sentence on page 194 to which I should like to draw attention. Mr. Wig 
states that except for a single test recorded by Sir John Biles there is no record of any attempt 
to establish experimentally a basis for scientific analysis of hull stresses. In this statement 
also a substantial injustice is involved. Investigation of stresses in ship structures at sea is a 
subject which can well be extended, but it is a fact that a great deal has been accomplished by 
the unostentatious and sometimes expensive experiences of shipowners and classification sur- 
veyors. The records of the classification societies are full of the results attending the opera- 
tion at sea of countless ships. To cover in only a small measure the available data on the 
subject, I may refer to the transactions of this Society for 1913 and of the Institution of 
Naval Architects for 1905, 1906, 1911, 1913, 1914 and 1917. By this I do not mean to say that 
all these investigations were undertaken exclusively at sea; they include also the record of 
laboratory and other tests carried out from time to time, and which are fully as important as 
sea tests. In mentioning these few instances I do not pretend in any way to adequately cover 
the field. 

The Society is to be congratulated on having this paper presented to it, which forms an 
interesting counterpart to several papers on the same subject recently contributed to the trans- 
actions of kindred societies. 


Tue Present :—Is there any further discussion? Mr. Wig, do you care to say any- 
thing in reply? 


Mr. Wic:—I think I can clear up the statement of the previous speaker. The English 
in the last sentence on the first page of my paper is poor—it was not intended to convey 
the meaning that investigations have not been made, and are not being made, on steel ships. 
We not only recognize that they have been made, but we have used many of the investiga- 
tions to which the speaker referred, and the meaning intended to be conveyed in my paper is 
that we make in the design of concrete ships many calculations which are not made in steel 
ship design, under ordinary conditions, such, for example, as complete analysis of frames. It 
is not intended to convey the idea that this is original with us, but rather that steel ship de- 
signers do not commonly make complete investigations and calculations of their structural 
members. 


THE PRESIDENT :—If there is no further discussion, I will tender to Mr. Wig, in your 
behalf, the sincere thanks of the Society for his very valuable paper. We will now pass to 
paper No. 13, entitled, “The Application of Electric Welding to Ship Construction,” which 
will be presented by, Mr. H. Jasper Cox, Member. 


Mr. Cox presented the paper. 
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THE APPLICATION OF ELECTRIC WELDING TO SHIP 
CONSTRUCTION. 


By H. Jasper Cox, Esg., MEMBER. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


INTRODUCTION. 


Few subjects offer as great inducements for experimental research as that of 
the application of electric welding to shipbuilding and marine engineering, and it is 
doubtful whether, in the whole range of applied science intimately concerned with 
practical developments in both these industries, there is scope for greater potentiality 
than under the various headings into which the subject of electric welding naturally 
divides itself. 

Although electric welding, and especially arc welding, has been used for a long 
time to great economical advantage in ship repair work and marine engineering, it 
has been but little understood, and to say that only within recent months has any 
serious attempt been made to analyze the elements of the art and determine the 
underlying scientific principles involved is not overstating the case. 

The skill of the operator was too long the determining factor in forming pub- 
lic opinion on welding, when scientific analysis would have demonstrated that the per- 
centage of failures was largely due to vain endeavors to apply the welding process 
in defiance of natural laws. Good welds have been made for years, but, in the hap- 
hazard application of the art, worthless work was sometimes turned out for which 
no other explanation can be offered than the welder’s ignorance of the physics of his 
art. As evidence of the good results to be expected from the determination of cor- 
rect practice in welding, we need but turn to the high degree of efficiency prevail- 
ing in railway shops where electric welding has for many years been used ona large 
scale, both in the construction and repair of locomotives and rolling stock, and 
where the work consists of repeat operations of the same job, so that there has 
been established a standard practice evolved through the process of examination 
and elimination. 

In marine repairs, electric welding has long been in use for such work as frac- 
tured sternposts, rudders or plates, but owing to the element of uncertainty re- 
ferred to above, these repairs have usually been considered tentative and approved 
subject to periodical inspection. In general, however, the periodical inspections 
have shown that such repairs withstand the test of service and time; thus, in spite 
of these unknown elements, confidence has gradually been established. 

The subject of electric welding received considerable impetus in this country 
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through the splendid work performed by the United States Navy in refitting for 
service the seized German ships damaged by their crews with the intent of putting 
them permanently out of service. Almost without exception the work of vandal- 
ism consisted of damaging the cast-iron parts of the machinery equipment in the 
belief that cast-iron could not be welded by any method available in this country. 
But the naval officers in charge of the repair work showed that Americans could 
weld cast-iron. The repairs were carried out with remarkable ease, expedition and 
success, and while by no means analogous to the problem of welding in its application 
to ship construction, the results attracted widespread attention to the art in 
marine circles throughout the world and brought into prominence its possibilities 
in connection with our shipbuilding program. 

About this time, the General Engineering Committee of the Council of Na- 
tional Defense was investigating the application of spot-welding to ship construc- 
tion. In January of this year the committee was dissolved and the Electric Weld- 
ing Committee of the United States Shipping Board, Emergency Fleet Corpora- 
tion, was appointed to investigate the whole field of electric welding and to advise the 
Emergency Fleet Corporation as to how the shipbuilding program might be speeded 
up and work economized by a wider adoption of the process. 

The committee is composed of shipbuilders, electrical engineers, many promi- 
nent physicists and metallurgists, and of representatives of the Emergency Fleet 
Corporation, Classification Societies and Bureau of Standards, with Professor 
Comfort A. Adams, of Harvard University and the Massachusetts Institute of 
Technology and President of the American Institute of Electrical Engineers, as 
chairman.* ; 

Much useful work has already been accomplished by the committee, data col- 
lected, investigations and research work carried out and important facts established. 
In the meantime similar investigations and research work were being conducted 
abroad, particularly in Great Britain, where an exhaustive series of practical ex- 
periments has recently been completed by the Technical Committee of Lloyd’s 
Register of Shipping. 

The results of these investigations have been not only encouraging, but have 
led to the conclusion that, under certain prescribed conditions, an electrically welded 
joint may with reasonable safety be applied to the main structure of a vessel. 

For several months past, the writer has had the great privilege of participating 
in the pioneer work undertaken by the Welding Committee, and it is the purpose of 
this paper to review as briefly as possible what has already been done and the im- 
mediate possibilities of its further application to ship construction in the light of 
the present development of the art of electric welding and the knowledge thus far 
acquired; embracing in this necessarily short review a description of the various 
methods of welding, the apparatus and layout involved and minor practical features. 


*Representatives of the gas welding industry have recently been added to this committee, and the title 
changed to “The Welding Committee.” 4 


TO SHIP CONSTRUCTION. 201 


METHODS OF WELDING. 


The methods of electric welding applicable to ship construction can be divided 
under two main headings, resistance welding and arc welding. 


Resistance Welding. 


As the term implies, it is the resistance offered to the flow of electric current 
through the material and contact surfaces to be united which causes the metal in 
the path of the current to heat up to the necessary temperature. Welding is then 
accomplished by the application of pressure. The heat is largely localized in the 
weld by the use of clamping electrodes of low resistance and by the additional re- 
sistance in the contact surfaces themselves as compared with the solid metal. Al- 
ternating current of relatively high amperage and low voltage is used and the pres- 
sure applied either hydraulically, pneumatically or by hand, depending upon the size 
of the job. 

There are two distinct kinds of resistance welding—spot welding and butt 
welding. 

(a) Spot Welding.—Spot welding has been extensively used for jointures of 
thin sheet metal such as ventilators, lifeboats and railway cars with considerable 
success, but it is only recently that its application to plates and bars of the thick- 
ness required in ship construction has been investigated. 

The two or more pieces to be welded are overlapped or superposed in way of the 
joint and clamped between two copper electrodes; the current is passed through and 
pressure applied. In order to ensure a successful weld the pressure should be suffi- 
cient to cause the metal to “flow” at the weld and to extrude all oxides, slag, etc., 
which may form. The pressure is maintained for a short time after the current is 
cut off, and the operation is then repeated at the next spot, and so on. 

Small buttons or discs of metal are sometimes placed under one or both of the 
electrodes and when of proper thickness are completely submerged in the plate metal 
during the operation of forming the weld. 

As in smith welding, what is going on at the welding surfaces cannot be seen, 
and although the material may have been properly prepared, the success of the oper- 
ation obviously depends upon :— 

(1) The amount of current applied to produce the proper heat throughout the 
various stages of the operation. 

(2) A sufficient pressure to weld the surfaces and extrude oxides, gases, etc., 
without undue distortion of the material. 

(3) Sufficient time being allowed. 

(4) The size and type of electrodes used. 

In light work these variables have toa great extent been determined by exten- 
Sive practice and experience, but in the heavier material used in ship construction 
there has, until recently, been little or no experience available. 

However, the advantage of successful application of this method of uniting ma- 
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terial to the exclusion of marking off, punching, reaming, countersinking and rivet- 
ing in the fabrication shops, and even on the ship itself, is obvious. It is also patent 
that if the quantitative values of the above variables necessary to produce a perfect 
weld are definitely determined for all thicknesses of material, the operation becomes 
not only entirely mechanical but also uniformly efficient. 

Intensive research work is now being conducted along these lines by the General 
Electric Company, which has built a heavy spot welding machine with a capacity of 
100,000 amperes at 20 volts and a hydraulic pressure of 36 tons at the electrodes. 

Owing to the necessity of providing a gap large enough to deal with the width 
of plates necessary in ship work, a number of practical difficulties were encountered 
in the design of the machine. One important development in this connection has 
been the elimination of the variable reactive drop caused by the varying inductance 
created in the circuit due to the width of plate within the gap. This necessitated a 
change in voltage for different widths, but by using two sets of electrodes and two 
transformers, one on each side of the work with leads direct to the electrode on the 
same side, the secondary windings of the transformers are in series and the effect 
of varying widths of plates is eliminated. Moreover, the total reactive drop is 
greatly reduced, which permits of a corresponding reduction in the size and weight 
of transformer and generating apparatus. With the two sets of electrodes two spots 
are welded at a time, or a dummy can be placed between the second pair of electrodes 
if necessary. ; 

A careful series of experiments is being carried out with this machine, using 
plates of from 4 inch to 3 inches total thickness, and that satisfactory spot welds 
can be made within this range has already been demonstrated. 

It has been found that an appreciable range is permissible in the variables of 
current, pressure and time without seriously impairing the efficiency of the weld for 
a given thickness of material. 

Where considerable tensile pull is anticipated in an over-lap joint, it is consid- 
ered desirable to have a double row of spots to prevent the tendency to bend and 
tear out the spots in the same manner as the countersunk heads of rivets are some- 
times torn through the holes in a single riveted over-lap. 

Plates 130 and 131 are illustrations of joints made during these experiments, 
which, at the time of writing, are still proceeding with the probability of obtain- 
ing definite and comprehensive data at a very early date. 

The 42-foot section of a 9,600-ton vessel to be built at the plant of the Federal 
Shipbuilding Company, Kearny, N. J., and to which reference will be made later, 
will be used to demonstrate the practicability or otherwise of this method of welding 
as applied to the assembly of material in ship construction. 

A stationary spot welder will be used in the fabrication of the parts, anda large 
60-inch gap portable spot welder is being completed which will be used both for 
clamping the parts together in the field and spot welding them in place. This ma- 
chine is illustrated in Fig. 1, Plate 132. 

It will be seen, therefore, that although this method of welding has not yet 
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reached the stage of development which might warrant its practical application to 
ship construction, it offers every prospect of doing so within the very near future. 

Obvious developments with this system are multiple spot and continuous or 
seam welding, both of which will tend towards great saving in time. 

In general spot welding is much more rapid than arc welding and requires less 
labor, but more power and a much heavier and more expensive machine. 

(b) Butt Welding.—This system of resistance welding is especially applicable 
to bars of uniform section and will probably be used extensively in jointing rein- 
forcements in ferro-concrete construction. 

The bars to be welded are brought together, end on, clamped and a low-pressure 
current passed through until a welding heat is obtained. Then end pressure is ap- 
plied until the metal at the joint shows signs of squeezing out. A machine for this 
type of welding has been ordered by the Emergency Fleet Corporation and will be 
tried out during the construction of a 3,500 D. W. T. reinforced concrete steamer 
building by the Fougner Concrete Shipbuilding Company. 


Electric Arc Welding. 


In this method of welding the electrode and the material to be welded are con- 
nected in a simple electric circuit and an arc is struck by bringing the electrode in con- 
tact with the work at the point where the weld is to be made, then withdrawing it 
slightly to obtain the desired length of arc. 

The two principal methods of applying this process are by means of :—(a) the 

carbon arc; (0) the metallic arc. 
In the former a carbon electrode is used and the heat from the arc produced 
brings the metal to a fusion heat. When welding with the carbon arc additional 
metal is introduced into the arc and fused into and with the parent metal at the 
joint. Its main field of application, however, is in rough cutting in foundries and 
steel mills and for the repair or building up of imperfect castings. 

It has not been advocated for use in ship construction generally and there are 
a number of reasons which make it doubtful whether it ever will be. 

In metallic arc welding a metal electrode is used of approximately similar ma- 
terial to that being welded, the electrode itself is fused by the arc, and molten par- 
ticles are carried over the arc into the fused portion of the parent metal, thus grad- 
ually building up the joint. 

The actual operation, however, is not quite so simple as this sounds, for there are 
a large number of variables, any one or any combination of which may affect the 
efficiency of the result to a greater or less extent. 

These variables may be enumerated as follows :— 

1. The type of electrode, 7. e., bare metal or covered. 

2. Chemical composition of the electrode. 

3. Chemical composition of metal being welded. 

4. Size of electrode. 
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. Kind of current, 7. e., alternating or direct. 

. Amperage and voltage. 

. Skill of the operator. 

. Method of preparing and building up the joint. 

1. In regard to the first, it may be said that good welds have been produced by 
either, but the covered electrodes have been found to produce, in general, a more 
ductile weld, a very desirable quality in ship construction. 

There are two distinct types of covered electrodes known as the gaseous flux and 
the liquid flux. The former, developed by Kjellberg, is covered with a fireproof 
sleeve of non-conducting material which projects sufficiently far into the arc to pro- 
tect the heated end of the electrode metal from oxidation by the atmosphere, guiding 
the molten metal direct into the arc and reducing heat losses. 

In the liquid flux process the covering melts with the electrode, forming a molten 
flux over the end of the electrode and over the added metal, thus protecting both 
from oxidation from the air. This flux by reducing chilling, in a measure, serves an 
annealing function, but its chief value seems to be the protection from oxidation 
with the accompanying brittleness and porosity caused by the reaction of the oxygen 
on the carbon and iron of the molten metal. The solidified flux is chipped and 
brushed off before building up the next layer. 

There are a large number of different makes of liquid flux covered electrodes 
on the market, but it is not proposed here to go into their respective merits or draw- 
backs. Careful investigation and experimental work are being carried out by the 
Welding Committee with most of the known makes, and the results will be published 
in due course. 

2. The chemical composition of the electrode is to-day considered to be a most 
important variable, and after an exhaustive series of tests the Welding Committee 
has drawn up the following tentative specification for electrodes intended to be used 
in welding mild steel of shipbuilding quality :— 

Chemical Composition.—Carbon, not over 0.18 per cent; manganese, not over 
0.55 per cent; phosphorus, not over 0.05 per cent; sulphur, not over 0.05 per cent; 
silicon, not over 0.08 per cent. 


CON Ow 


Sizes :— 
Fraction of Lbs. per Feet per Lbs. per 
inch foot Ib. Ioo ft. 
1/8 0.0416 24 4.16 
5/32 .0651 15.35 6.51 
3/16 .0937 10.66 9.37 


Allowable tolerance .006 plus or minus. 

Material——The material from which the wire is manufactured shall be made by 
any approved process. Material made by puddling process not allowed. 

Physical Properties—Wire to be of uniform homogeneous structure, free from 
segregation, oxides, pipes, seams, etc., as proven by micro-photographs, This wire 
may or may not be covered, 
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Workmanship and Finish—(a) Electric welding wire shall be of the quality and 
finish known as “Bright Hard” or “Soft Finish.” “Black Annealed” or “Bright 
Annealed” wire shall not be supplied. (b) The surface shall be free from oil or 
grease. 

Tests—The commercial weldability of these electrodes shall be determined by 
means of tests by an experienced operator, who shall demonstrate that the wire flows 
smoothly and evenly through the arc without any detrimental phenomena. 

Further reference emphasizing the importance of this factor will be found later 
under the Rules of Lloyd’s Register of Shipping. 

3. The chemical composition of the material to be welded is a quantity over which 
we have no great control, but open hearth mild steel of the quality under considera- 
tion has usually sufficient uniformity in its chemical composition to permit a general 
application of the foregoing specification. 

However, the effects of varying carbon and other contents, including occluded 
gases, are being carefully investigated with a view to obtaining a more complete 
knowledge, and it is considered that a true understanding of the successful arc weld 
will result only from a combination of metallurgical and electrical study. 

4. The size of the electrode in relation to the current strength and the thickness 
of material to be joined is also a matter of obvious importance. 

While it has not yet been thought expedient to standardize these relations, the 
following table published by the Quasi Arc Weltrode Company may be found of in- 
terest :— 


ELECTRODES AND CURRENT REQUIRED FOR SHEET AND PLATE WELDING. 


pe Thickness 2 aN Size of Current in 
of work Preparation of joint electrode amperes 
Inches 
16S.W.G...... GClosen join teish sito ahsed ayasaus castes le-4,a:/es4 the eee ere C NAN aero 0.08 20 to 25 
ARS WHIG ey Close njoUnty ese, Sais ais ciels: sive 0 ccs aan aveneos aeleatae eee eer 105 30 to 35 
12S. W.G...... Closeyjointy ets es cicy aves < eletacs) oie els evslisetvene enero teeeretets 105 40 to 45 
10S.W.G...... Glosesjoutiins yaar esa leysss steel saisceheysvehcuaney pa ene PATS Cees 135 50 to 65 
3/16” plate ...... WAG Mopennatyaw so edieye 2 salihs va,aisieiaie aleten tab chaneauaneetucens . 135 7a to 95 
WEA DES 65 Seaod Veed half-way through and 1/32” open................. 16 93 to 110 
5/16” and 3/8” ...| Veed right through to 70° and 1/16” open. 
Two runs are necessary— 
LOT ATTN Ae here a AGRE OA niginig acsialn Bai asia ote 135 75 to 85 
i Cannel hain) 3h ake doa cana Beno sopiankadodn could .16 93 to 110 
WW 2aplatenee ee Veed right through to 60° and 1/8” open. 
Two runs are necessary— 
IIE ON Sood edibonueHodadas boos fo acl dicbdcoooa dS 135 75 to 8d 
SAinel MM aleoocrsu@ocesuamonacuncsndeoncccans .192 100 to 120 
5/8” and 3/4” ....| Veed right through to 60° and 1/8” open. 
Three runs are necessary— 
EA SERDU TIME ells eeue ee okete cue eet sc cechewerasans fara altos dale Sires 135 75 to 89 
Secondarumysscvsiess tia c aiteiers ie etsro devas bonnes nomeateranen ee 16 95 to 110 
BTolnnd imum sy yeets eins Aleta eer cis| ol bee tei aloft aay sveceteva sob eeeas 16 100 to 120 
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For heavy plates it is advisable to vee half-way through from both sides if prac- 
ticable. 

The current varies to some extent with the thickness of plate and type of elec- 
trode, bare electrodes. requiring a higher amperage than covered. 

5. The kind of current, whether alternating or direct, has occasioned coneiiers 
able controversy, and while a direct current of a given open circuit voltage will per- 
mit of a slightly greater length of arc, the advocates of the alternating current claim 
that, since proper fusion depends upon the maintenance of a short arc, alternating 
current is preferable as the arc itself will break if lengthened too much. 

As, however, efficient welds can be made by either, the question is more one of 
economy, ease of operation and convenience in the supply of current. This will be 
briefly referred to when describing the types of apparatus. 

6. The amperage should be adjusted to suit the size and type of electrode and 
will be found to increase slightly with the thickness of material being welded; if too 
great for the size of electrode used the fusion will not be uniform and steady, the 
electrode itself tending to “spatter,” while if the amperage is too small, a proper 
fusion temperature will not be reached. 

The voltage increases with the length of arc and, in order to prevent this length 
becoming greater than is desirable for efficient welding, a number of machines and 
controls have been designed which automatically break the current if the arc is 
drawn out beyond the desired length. The range of length of arc usually adopted is 
from 1/8 inch to 3/16 inch and the voltage varies from 15 to 25 with bare elec- 
trodes and from 30 to 40 with some types of covered electrodes. 

7. The skill of the operator or human element is still the most vital factor, and it 
is probably because of this that arc welding is known as an art rather than a science. 

The density of current, and therefore the heat density of the arc, decreases as 
the length of the arc increases; a short arc, in general, results in a high tempera- 
ture and virtual vaporization of the metal, while a long arc is apt to lead to the 
deposition of large drops or “beads” of electrode accompanied by oxidation. Con- 
sequently a varying length of arc naturally results in a lack of uniformity in the 
character of material in the weld. 

As, however, scientific investigation determines the effect of each of the above- 
mentioned variables, it will be possible to predetermine and specify with more exact- 
ness the ideal conditions under which a successful weld is assured, assuming that the 
arc is held at constant length. Until such time we must remain largely dependent 
upon the skill of the operator, not only in maintaining the constant length of arc, 
but also in determining a most desirable current adjustment for the work in hand. 

It may be interesting at this point to mention that automatic, self-feeding weld- 
ing machines have already been designed and are now being experimented with. 
These machines will not only eliminate the factor of varying length of arc but will 
result in a considerable increase in speed of operation. 

An illustration of the type of work done by a stationary automatic welder man- 
ufactured by the Automatic Arc Welding Company of Detroit, Michigan, is shown 
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in Fig. 2, Plate 132. At the time of writing, the makers of this machine and others 
are engaged in the development of portable automatic welders, about which we shall 
no doubt hear more in the near future. 

‘8. The preparation and building up of the joint have considerable bearing not 
only on the ultimate strength of the weld itself, but on the time and cost of mak- 
ing it. 

Correct preparation of the joint for welding is just as important, if not more 
so, as in the case of a riveted joint. The time and cost of welding depend largely 
on the amount of electrode material deposited, and therefore the joint should be pre- 
pared so as to require the minimum amount of building up consistent with the neces- 
sary strength and accessibility. Plates 133 and 134 show a number of typical 
welded joints which may be met with in ship construction with a brief description of 
the method of preparing and welding as recommended by the Welding Committee. 

In large plates where a long joint, such as a seam, has to be welded, the con- 
traction set up in cooling tends to draw the joint together, and, unless proper pre- 
cautions are taken, the plates will tend to fold over one another at the end away 
from that being welded. 

Two methods to counteract this are generally adopted. In the “non-rigid” 
method the two plates, instead of being placed parallel with the joint, are diverged 
to the extent of about 1/8 inch to the lineal foot of weld; as the welding proceeds 
from one end, the plates gradually close together without setting up any great initial 
internal stresses. This method obviously introduces a number of practical difficul- 
ties if applied to the main construction of a vessel. 

In the “rigid” method the joint is tack welded at intervals along its length 
and the welding done, not continuously from end to end, but in separate stages so as 
to distribute the heat, as much as possible, uniformly along the joint. 

An interesting method of building upa “rigid” joint in order to reduce the in- 
ternal contraction stresses is indicated in Plate 135, where it will be observed that 
each side of the joint is separately built up, the deposited material from the elec- 
trode being entirely free to contract on one side, leaving only the “closing in” run 
of metal which is small and which is bonded on each side of the joint. 


WELDING APPARATUS. 


The types of apparatus manufactured for electric arc welding may be divided 
into three main classes: 

1. Motor generator sets operating from A. C. or D. C. mains and designed to 
generate a suitable voltage. These machines are generally supplied with controls 
which automatically adjust the current to the length of arc operating. 

Examples of these machines are illustrated in Figs. 1 and 2, Plate 136. 

The first is a 4-arc D. C. motor generator set of 15-kilowatt capacity manufac- 
tured by the General Electric Company. With this machine four balancer sets and 
control panels are supplied, which it is claimed give thorough protection to the gen- 
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erator without affecting other operators whose welding circuits may be connected to 
the same generator. 

Figure 2 illustrates the “Naval” type one-arc D. C. portable motor generator 
set manufactured by the Wilson Welder & Metals Company. This machine has a 
capacity of 150 amperes at 35 volts, and with the control panel weighs about 1,900 
pounds. 

2. Stationary transformer sets operating A. C. only, as illustrated in Plate 137. 
This is a one-arc set manufactured by the Electric Arc Cutting & Welding Com- 
pany, of Newark, N. J., and, as will be observed, is compact and portable, weighing 
about 230 pounds, and easily carried by two men. This machine has a capacity of 4 
kilowatts, is designed to maintain a constant wattage, and can be used with prac- 
tically any A. C. main supply. 

3. Resistance control. This is the simplest of the three types and consists gen- 
erally of a simple cast iron resistance grid which reduces the voltage from the main 
to that required at the arc, the difference being wasted. 

Where the main supply is over 110 volts, however, it is necessary to employ a 
motor generator set or rotary converter, or in the case of A. C. current a static 
transformer, as the waste would be prohibitive. Plate 138 illustrates a complete 
outfit as supplied by the Quasi Arc Weltrode Company, the weight being about 250 
pounds. The current for each welder can be taken anywhere from the main witha 
common earth for all arcs. 

It will be seen, therefore, that there is a great divergence in type, portability and, 
needless to say, in cost of apparatus advocated by the various manufacturers of 
arc welding outfits and, since they all claim to make a satisfactory weld, it would 
appear that the question of selection devolves into one of economy of first cost, 
power efficiency, and portability. In thisconnection it is important to bear in mind 
that, while the simple resistance method is the least efficient electrically, its overall 
efficiency is increased, due to the current saving when the arc is broken, and in prac- 
tice this probably represents about 50 per cent of the total time. 

The cost of wiring the shipway or shop is approximately the same with all 
systems. 

The average apparatus will work at about 6 to 8 kilowatts per welder when 
welding, but if low voltage is provided at the mains, there are certain outfits which 
are said to reduce the consumption to as low as 3% kilowatts or even less. 


SPEED AND COST. 


Unfortunately there are as yet very little reliable data of a general nature in 
regard to the speed and cost of welding on straight-line work in the field. Again, 
there are so many varying factors which enter into the question that any figures 
can only be considered with due regard to the particular conditions under which 
they were obtained. 

The following figures have been computed from some data obtained in England 
by Capt. James Caldwell, R. E., on work done in the field during the construction 
of an all-welded barge recently built at Richborough. 
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The figures have been adjusted to suit the present cost of welding labor and 
electrode material in this country, which differ considerably from those obtain- 
ing in England :— 


METAL ELEcTRODE Arc WELDING (Quasi Arc). 


Power used Lab Ti Seeate Total cost 
Plate per foot K.W.H. eae Fe erat pe ae ee oa per foot of 
thickness Tun, amps. at at 3c per rel hin gta Cs © Ss fas weld in 
100 V. in cents hour weld hour eae 
I Sen rat ate, eras 55 amps. 0.54¢ 7 2.165c 2m. 30 9.7 
Tee eae 100 amps. 1.35c 12.9 2.954c 2m. 45s. 22 12.2 
SY fEe ise ee en meen 100 amps. 4.8c 19.2 8.66c 8m. 7.5 32.66 
VPS Seperate 120 amps. 7.2¢ 25.5 13.00c 12m. . 5 45.7 


Other figures prepared by the Welding Committee show the possible cost of a 
fillet weld on a ¥4-inch plate, using a motor generator set and bare electrodes, to be 
as follows :— 


Average speed of welding on continuous straightaway work....... 5 ft. per hour 
umount Ometal deposited per running f00t -aeseesse es de. ~ o< 0.6 Ib. 
Current 150 amps. at 20 volts = 3 kilowatts. 
Motor generator eff. 50% —=6 KW — 5 equals .......... 1 IN GlsL joyee at ate, ioral 
BK elie ai sueerlts: per I<. VWVi.. equals = erm ae 3.6c per ft. 
Cost of electrode 10 cents per lb. and allowing for waste 

SAIS HC MRC ASG ath ous) aha on cee + wcaier Sa eR a FPS {SP HE. 
IFAbomcwOs cenes PeMMOUT equals... 5. nos) aks ene eye 13.00 per ft. 

2218) spelt. 


The curves plotted in Plate 139 are the results of data collected by the Quasi 
Arc Weltrode Company, and show the lineal feet per hour of straight line flat weld- 
ing for different thicknesses of plates together with percentage corrections for ver- 
tical and overhead welds. These results were obtained under laboratory conditions, 
however, and for bulk work in the field or shop it might be advisable to reduce them 
by a considerable margin, even as much as 50 per cent. 

The protection of the worker on ship work in the field is one which will require 
careful study. The welder himself must be provided with a hand glass or mask 
which, while adequately protecting his eyes and body from the arc and falling metal, 
will not impair his movements while working on high stagings in all weathers. 
Arrangements should also be made to protect his neighbors or other workers from 
exposure to the arc. 
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TRAINING OF WELDERS. 


We have seen that skilled workmanship is essential to good welding and, in the 
absence of any definite means of testing finished work in the field, conscientious 
workmanship is equally important. A skilled and properly trained welder knows in- 
stantly whether or not he is making a good weld. He can tell this by the smooth- 
ness of the flow of metal, the uniformity of the sound and light of the arc, and by 
the lack of “spattering’’ or deposition of “beads.’”’ When his arc is not welding 
he should immediately cease work, remedy the cause, whether it be unsuitable cur- 
rent control or faulty electrode, and, before proceeding again, should chip out the 
bad work, especially where the arc was broken. Thus it will be seen that the welder 
should possess some knowledge of the elements of electricity, how it is generated, 
conducted and controlled, the melting point of the metals employed, and the prop- 
erties of the particular electrode in use. In ship work he should understand the 
correct methods of preparing the various joints and their relative importance, 
together with the best methods of building them up. It is therefore a sine qua non 
of welding the main structure of a vessel that only skilled operators be used. 
Recognizing this, the Emergency Fleet Corporation has established a separate train- 
ing and education department for electric welding and has opened schools for the 
training of operators and instructors at New York, Newport News, the Great Lakes, 
Schenectady, San Francisco and other centers throughout the country, where selected 
men may be sent from the various shipyards and engine works to undergo a course 
of intensive training as operators or instructors. On the satisfactory completion of 
this course, and when possessing the required degree of skill, these men are certi- 
fied and returned to their places of employment. 

Owing to the great shortage of welders it is hoped that in time each shipyard 
will have its own school with a competent instructor in charge who has been trained 
at one of the E. F. C. schools, and a force of efficient welders may gradually be built 
up in this manner. 

A photograph of one such school, as established at the plant of the General 
Electric Company, Schenectady, is shown in Plate 140. 


INSPECTION. 


This subject may be considered under three headings :— 

1. Inspection and testing of the electrodes being used. 

2. Inspection of the work before and during welding. 

3. Inspection of the completed welds. 

We have already seen that the chemical composition and quality of the elec- 
trodes used have an important bearing on the quality of the weld produced, and 
care should be taken to see that only electrodes of the correct chemical composi- 
tions are used; that the wire is of proper size and of uniform homogeneous 
structure, free from segregation, oxides, pipes, seams, etc. ; that the surface is 
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clean, and that the wire flows smoothly and evenly through the arc without any 
detrimental phenomena. 

All work should be examined and approved before welding commences in order 
to see that the joints are properly prepared for the particular kind of weld to be 
made, that the edges are properly fitted or spaced and the work properly closed up. 

In the thicker plates’the first run of metal or “foundation” weld should be 
made with a small wire, carefully examined for flaws or defects and passed upon 
before the next layer of metal is added. This inspection should be carried out by 
specially trained supervisors, who should also watch the welding in operation, check 
up the current at the meters, and see that bad welds are cut out where required. 

The proportion of supervisors to operators will depend largely upon local con- 
ditions, grouping and experience, but at present one supervisor to each six or eight 
operators in the shop and one to each four or five operators in the field are being 
tried. 

Various methods have been suggested for the inspection of completed welds, 
and the Research Committee of the Welding Committee is at present investigating 
a number of these, including electric resistance, magnetic, X-ray, and acoustic 
methods, but the problem is extremely difficult and has not yet shown indication 
of any satisfactory solution. 

In practice the usual tests applied are by blows from a hammer or by chipping 
at intervals with a cold chisel or pneumatic tool. Either of these methods will 
usually detect a really poor weld approaching zero efficiency, but neither can be 
relied upon to indicate the value of a joint which, while not absolutely bad, does 
not reach the standard of efficiency required in a particular case. For this reason 
it is most necessary to rigidly test every material and system of welding proposed be- 
fore accepting them as suitable for application to important strength members. 


PRESENT APPLICATION OF ELECTRIC ARC WELDING IN SHIP REPAIR WORK AND NEW 
CONSTRUCTION. 


The range of application of the arc-welding process to the execution of marine 
repairs such as the reclamation of broken castings, fractured plates, boiler furnaces 
and the reinforcement of eroded or badly wasted: plate edges and cracked hull 
plates is so well known and so varied that only the briefest mention is possible within 
the scope of this paper. A few instances of such application are illustrated in 
Plates 141 to 143. 

Plate 141 shows a repair which was successfully carried out to a broken stern 
frame gudgeon on a small steamer. The repair was effected in place and obviated 
the delay and expense of a new stern frame. 

Plate 142 shows a method of reinforcing a badly eroded propeller strut and worn 
bossing. This repair occupied four days and the saving in time and expense com- 
pared with that of furnishing a new casting is obvious. 

Plate 143 illustrates a salvage operation to fractured end keel nlates necessi- 
tating overhead welding. 
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It will be seen that, in the application of electric welding to repair work, a great 
degree of skill and experience is necessary on the part of the operator owing to the 
variety of his work. A common cause of failure in such repairs is lack of experience 
as to the proper preparation of the job and correct methods of counteracting the 
effects of expansion and internal stresses set up during the operation of welding. 
For work of this nature an operator cannot be fitted by any system of intensive 
training in welding alone, but only by a wide experience in ship and boiler repair 
work in general. 

In new construction considerable work of a non-structural character can be 
more economically effected by electric welding than by the existing methods of bolt- 
ing or riveting. Work of such character as described below does not involve serious 
difficulties connected with the quality of welding, and, in addition to the economical 
aspect referred to, a great advantage to be derived from its adoption in such parts 
is that in the course of time the men engaged in this work will become trained in the 
art and a nucleus of welding equipment and of an operating force will be built up in 
the shipyard which may be used for more important structural work. 

With this double purpose in view, the Electric Welding Committee early in 
the year requested the Classification Societies to draw up a list of the parts of a ves- 
sel in which electric welding might be used as an alternative to other methods of 
attachment without any specific requirements or regulations. 

A few examples of non-structural work for which it is suggested that electric 
welding is specially adapted are the following :— 

Deck rail stanchions to plating. 

Attachment of clips and hangers for pipes and wiring to casings, bulkheads, etc. 

Clips for attaching interior wood fittings to steel work. 

Engine and boiler-room stairs and gratings with their attachments. 

Masts, derricks, ventilator cowls and trunking. 

Cargo batten cleats to frames. 

Hatch cleats to coamings. 

Small tanks, bins and racks. 

Skylights generally. 

Manufacture and attachment of storeroom, galley, and cabin fittings. 

Welding studs in case armor plating for fitting of attachments. 

Anglesmith work can be considerably reduced if the flanges of the angle bars are 
notched out, bent to the proper angle and electrically welded at the junction. The 
bending can generally be accomplished cold. Watertight or oiltight collars and the 
bosom pieces of watertight and oiltight boundary bars on bulkheads and double bot- 
tom floors can also be largely eliminated. 

Let us consider the first item on the above list, namely, the attachment of hand 
rail stanchions to deck plating, and particularly in the case of a tank steamer. 

The usual method of riveting these stanchions involves the following distinct 
operations :— 
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1. The positions of the stanchions are lined off and the holes in the base palm 
marked on the deck plating by the pipe fitters. 

2. The two or three holes, as the case may be, are drilled. 

3. Interior scaffolding is erected by the carpenter at the under side of the deck 
for the riveters’ holder-up. 

4. The stanchion is put in place, packing inserted and bolted up. 

5. Reaming is sometimes necessary. 

6. Two or three rivets have to be driven for each stanchion by a gang who in 
most cases cannot be spared from the straightaway work on the decks, shell, etc. 

If electric welding is substituted, the stanchions with their rails inserted are 
erected in large sections and are welded directly to the deck plating by the operator, 
who proceeds single-handed with his electric cable from stanchion to stanchion. The 
watertightness or oiltightness of the deck is not affected, and the efficiency of the 
attachment itself can readily be tested by blows from a sledge-hammer. 

The saving in labor by welding some of the parts in the above list will average 
more than 60 per cent. 

Some illustrations of welding jobs successfully and economically carried out 
by the Submarine Boat Corporation are shown in Plates 144 to 147. 

It may be of interest to mention that the American International Shipbuilding 
Corporation at Hog Island has now some 50 to 60 men engaged on welding work 
of this description. They have a training school in the yard with 5 A. C. and 1 
eight-arc D. C. machines, and with three instructors are daily turning out more 
trained welders to add to the above number. The equipment in the yard itself at 
present consists of 33 A. C. machines, 1 eight-arc D. C. machine and 1 one-arc D. C. 
machine. . 


LLOYD'S EXPERIMENTS ON ELECTRICALLY WELDED JOINTS. 


The attitude of Lloyd’s Register of Shipping towards electric welding has been 
one of the chief concerns of those advocating its application to the main structure 
of a vessel. It was felt by some that, no matter what “proofs” or evidence of its suit- 
ability were put forward, the Society which the writer has the honor to serve would 
act in an arbitrary manner and bluntly refuse its recognition until such time as an 
actual ship had been built and proved successful in service. They did not appreciate 
the characteristic attitude of the Committee of Lloyd’s Register towards all efforts 
in the direction of mechanical or scientific progress in ship construction, nor their 
desire to cooperate in such progress and to place at the disposal of the shipbuilding 
community throughout the world the unbiased services of their highly skilled tech- 
nical staff. 

They did not understand that a ship classification society whose existence is in- 
dissolubly linked with its professional independence, untrammelled by any particu- 
lar or national interest, must perforce keep itself abreast of the latest developments 
in scientific and mechanical progress, quite apart from giving its stamp of approval 
to proposed designs or methods of construction. 
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This disposition, to be conversant of and associated with the many paths of re- 
search in the shipbuilding and marine engineering field, however, must not be con- 
fused with its primary function, namely, its responsibility to the shipowners, under- 
writers and merchants who look to it with implicit faith for technical guidance in the 
conduct of their business. 

When, therefore, the development of electric arc welding had reached a stage at 
which its application to the main structure of a vessel, with all the attendant possi- 
bilities, appeared a feasible proposition, the Technical Committee of Lloyd's Register 
of Shipping, quite in accord with its traditions, immediately embarked upon an ex- 
haustive investigation in order to determine at first hand the suitability of electri- 
cally welded joints for such work. 

A series of experimental tests was devised and carried out under the direction 
of the Society’s Technical Staff in England, extending over a period of many 
months. A brief description of these tests and summary of the results have already 
been prepared and circulated by the committee, but they are of so important and 
practical a nature that it is not considered out of place to refer to them rather more 
fully here. 

It is commonly accepted that the tests imposed on manufactured material do not 
in any way represent the strains which may be experienced in practice. Such tests 
are rather based on simple means for determining the average reliability of the 
material. Thus, also, in this case no one particular test is likely to determine 
whether the welding process under trial is sufficient for the work it will probably 
have to perform. 

It is therefore necessary to approach the problem rather on the basis of circum- 
stantial evidence and to decide from a number of different types of experiments 
whether, on the whole, the performance is satisfactory. 

The investigations were undertaken to determine the possibilities of the appli- 
cation of electric are welding to shipbuilding and, as it was desired to obtain as much 
knowledge as possible of the physical properties of the combination of rolled and 
welded material, highly skilled operators were employed. 

Thus it should be realized that the results of the experiments which have been 
made represent skilled practice, and that in general such performance can only be 
equalled with good workmanship and efficient supervision. 

The quasi are process of electric arc welding was used throughout the experi- 
ments. 


Nature and Description of Experiments. 


The general scope of the experiments included :— 

(a) Determination of modulus of elasticity and approximate elastic limit. 

(b) Determination of ultimate strength and ultimate elongation. 

(c) Application of alternating stresses with (1) rotating specimens, (2) sta- 
tionary test pieces. 
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(d) Minor tests, such as (1) cold bending of welds, (2) impact tests of welded 
specimens. 

(e) Chemical and miscroscopic analysis. 

Tests were carried out on specimens as large as possible, particularly in respect 
to the static determinations of elasticity, ultimate strength and elongation, some of 
the test specimens being designed for a tatal load of just under 300 tons. The ad- 
vantage of these large specimens was that the effect of workmanship was better aver- 
aged and the results were more comparable to the actual work likely to be met with 
in ship construction. 

Figure 1, Plate 148, illustrates the method adopted to measure the modulus of 
elasticity by means of a strain meter designed by Dr. James Montgomerie, princi- 
pal surveyor for Lloyd's Register in Scotland. The photograph shows the holders 
which were specially designed with a view to securing, as far as practicable, an 
even pull across the breadth of the plate. 

Readings were taken in way of the weld and at various points on the plate itself, 
both adjacent to and well clear of the weld, the points at which observations were 
taken being clearly shown in Fig. 1, Plate 149. 

Typical results, illustrating the extensions as measured along the line C, are 
shown in Fig. 2, Plate 149, from which it would appear that the extensions in way of 
the weld do not show any marked difference from those at various points in the plain 
plate, the limes showing extensions in way of the weld lying among the others with- 
out disclosing any distinctive features. Measurements were also taken with the strain 
meter set at right angles to the line of pull, the readings in this case, of course, rep- 
resenting contractions (Fig. 3, Plate 149). 

With a view to confirming this result a set of specimens of smaller size was pre- 
pared and tested. Automatic stress-strain diagrams showing the extensions up to the 
point of fracture are shown in Fig. 4, Plate 149, while Fig. 5, Plate 149, represents 
on an enlarged scale the extensions within the elastic limit, the distance between the 
points of attachment of the instrument being 8 inches in each case. The curves ex- 
hibit the same general characteristics as those obtained from the large specimen and 
would appear to justify the inference that there is very little difference between the 
modulus of elasticity of the welded samples and that of the plain plate. 

With alternating stresses the specimens were relatively of small size. For the 
rotating test pieces, circular rods, machined from a welded plate, were used, the di- 
ameters selected being 1 inch and 34 inch. These bars, about 3 feet in length, were 
attached to a lathe headstock, and a pure bending moment in one plane was ap- 
plied by means of two ball races to which known weights were attached. The 
material of the bar was thus exposed alternately to maximum tension and to equal 
maximum compression once in each revolution. The machine was run at about 1,060 
revolutions per minute. 

Bars of identical material were tried in pairs, one specimen welded and the 
other unwelded, and the number of revolutions before the specimens parted was 
observed for various ranges of stresses varying from +15 tons to +6 tons per 
square inch. i 
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The general arrangement of the apparatus is shown in Fig. 2, Plate 148, and a 
typical example of the results obtained is given in Fig. 6, Plate 149, which shows 
clearly the stresses at which the welded and unwelded bars will withstand a very 
large number of repetitions of stress. 

In the second series of alternating stress experiments flat plates were used 
of three thicknesses, viz., 1% inch, 34 inch and % inch. These specimens were tried 
in groups of four, each group consisting of one plain, one butt welded, one lap welded 
and one lap riveted plate. The specimens, which were about 14 inches long by 5 
inches broad, were clamped along the short edges, so that the distance between the 
fixed lines was 12 inches. Each plate was also clamped, near the middle, to the end 
of a pillar, which by means of a crank arm was caused to oscillate and to bend the 
specimen equally up and down by adjustable amounts (the maximum total move- 
ment in any of the experiments tried was 5/16 inch). The machine was run at vari- 
ous revolutions (not exceeding 90 per minute), and the number of repetitions at 
which the specimen parted was observed. 

The type of apparatus used in these tests is illustrated in Fig. 1, Plate 150, and 
typical results obtained are illustrated in Figs. 7a and 7b, Plate 149, in which the 
ordinates represent total displacement from normal position, 7. e., 2/16 inch means 
1/16 inch up and 1/16 inch down. 

Minor tests of various kinds were undertaken, of which the principal ones had 
reference to the suitability of the welded material to withstand such bending and 
shock stresses as might occur in the shipbuilding yards. The experiments on bend- 
ing consisted of doubling the welded plate over a circular bar of diameter equal to 
three times the plate thickness and comparing the results with those of the plate of 
the same material, but unwelded. 

Figure 8, Plate 149, shows the results obtained from the bending tests, from 
which it will be noticed that the angle at which fracture occurred decreases rapidly 
with increased thickness of plate. 

In the impact tests heavy weights were dropped from various heights on to 
the welded portion of a plate 5 feet long and 2 feet 6 inches in breadth, the weld be- 
ing across the plate parallel to the shorter edge. The deflections were noted and the 
condition of the weld was examined after each blow. 

Other tests to determine the relative value of welding and caulking under ten- 
sion and the relative bearing value of a riveted or welded lug attachment are shown 
in Plates 151 and 152. In the former, two plates are attached at right angles by an 
angle lug with closely spaced rivets and the angle caulked on both edges, similar to 
the boundary angles of a watertight or oiltight bulkhead. The object of the test was 
primarily to ascertain at what stress the “tightness” of the attachment was destroyed 
as compared with that of the welded attachment. The results indicated are very 
striking. 

The test shown in Plate 152, in which a direct shearing force was applied to the 
lug attachment, indicates the relative values as between riveting and welding a lug 
attachment for such work as bracket connections. 
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Tt will be observed that the welded lug is notched out at its mid-length and the 
welding applied only at the ends and in way of the notch. 

Many other practical tests of this nature were made, but the foregoing are 
perhaps of greatest interest. 

The chemical and micrographical examination followed the or dinary practice. 


SUMMARY OF EXPERIMENTAL RESULTS. 


1. Modulus of Elasticity and Approximate Elastic Limit :— 

(a) Ina welded plate the extensions in the region of the weld are sensibly the 
same as for more distant portions of the unwelded plate. 

(b) With small welded specimens containing an appreciable proportion of 
welded material in the cross-sectional area, the relation between extension and 
stress is practically the same, up to the elastic limit, as for similar unwelded material. 

(c) The elastic limit (or the limiting stress beyond which extension is not ap- 
proximately directly proportional to stress) appears to be slightly higher in welded 
than in unwelded material. 

(d) The modulus of elasticity of a small test piece, entirely composed of ma- 
terial of the weld, was about 11,700 tons per square inch as compared with about 
13,500 tons for mild steel and about 12,500 tons for wrought iron. 

2. Ultimate Strength and Ultimate Elongation :— 

(a) The ultimate strength of welded material with small specimens was over 
100 per cent of the strength of the unwelded steel plate for thicknesses of 1% inch, 
and averaged 9o per cent for plates of 34 and 1 inch in thickness. 

(6) Up to the point of fracture the extensions of the welded specimens are not 
sensibly different from those of similar unwelded material. 

(c) At stresses greater than the elastic limit, the welded material is less ductile 
than mild steel, and the ultimate elongation of a welded specimen when measured 
on a length of 8 inches only averages about 10 per cent as compared with 25 to 30 
per cent for mild steel. 

3. Alternating Stresses:— 

(a) Rotating specimens (round bar)— 

Unwelded turned bars will withstand a very large number of repetitions of 
stress (exceeding, say, 5 millions) when the range of stress is not greater than from 
10% tons per square inch tension to 10%4 tons per square inch compression. 

Welded bars similarly tested will fail at about the same number of repetitions 
when the range of stress exceeds +614 tons per square inch. 

(b) Stationary test pieces (flat plate)— 

Butt welded specimens will withstand about 70 per cent of the number of repe- 
titions which can be borne by an unwelded plate. 

Lap welded plates can endure over 60 per cent of the meualoe: of repetitions 
necessary to fracture a lap riveted specimen. 
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4. Minor Tests:— 

(a) Welded specimens are not capable of being bent (without fracture) over 
the prescribed radius to more than about 80 degrees with 14-inch plate, reducing to 
some 20 degrees where the thickness is 1 inch. Unwelded material under the same 
conditions can be bent through 180 degrees. 

(b) Welded plates can withstand impact with a considerable degree of suc- 
cess; a half-inch plate of dimensions already quoted sustained two successive blows 
of 4 cwt. dropped through 12 feet, giving a deflection of 12 inches on a length of 
about 4 feet 6 inches without any signs of fracture in the weld. 

8. Chemical and Microscopic Analysis:— 

(a) Chemical analysis— 

The electrode was practically identical with mild steel, but there was a greater 
percentage of silicon. 

The material of the weld after deposition was ascertained to be practically pure 
iron, the various other contents being carbon, 0.03; silicon, 0.02, phosphorus, 0.02; 
and manganese, 0.04 per cent respectively. 

(b) Microscopic examination— 

The material of the weld is practically pure iron. 

The local effect of heat does not appear to largely affect the surrounding ma- 
terial, the structure not being much disturbed at about 1/16 of an inch from the 
edge of the weld. The amount of disturbance is still less in thin plates. 

The weld bears little evidence, if any, of the occurrence of oxidation. 

With welds made as for these experiments, 7. e., with flat horizontal welding, a 
sound junction is obtained between the plate and the welding material. 

6. Strength of Welds (large specimens ) :— 

(a) Butt welds have a tensile strength varying from 90 to 95 per cent of the 
tensile strength of the unwelded plate. 

(b) Lap welds—With full fillets on both edges the ultimate strength in ten- 
sion varies from 70 to 80 per cent of that of the unwelded material. 

With a full fillet on one edge and a single run of weld on the other edge the re- 
sults are very little inferior to those where a full fillet is provided for both edges. 

(c) Riveted lap joints—For plates of about 1% inch in thickness, the specimens 
averaged about 65 to 70 per cent of the strength of the unperforated plate. 

Typical examples of the statical strength of large specimens of riveted and 
welded joints are given in the following table:— 
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TREBLE RivetTeD Lap JoIntTs. 
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2 Diameter Breaking stress Strength of plain | Percentage 
Thickness, of rivet, unperforated plate, Ibs. strength of 
inches : plate, Ibs. per ; a 
inches sq. in. per sq. in. joint : 
0.49 7/8 42, 400 61, 400 69.0 i § 
0.53 3/4 38, 300 54, 700 62.5 
Lap Wetp—FuLL FILLET—BoTuH EDGES 
0.514 10. 02 45, 300 63,600 71.0 
0.73 8.76 40, 330 59, 600 68.0 
Butt WeEtp—NotT STRAPPED 
0.505 10.66 61, 000 63,600 96.0 
0. 76 9.88 54, 680 59, 600 91.5 


OBSERVATIONS ON EXPERIMENTAL RESULTS. 


1. Static Elasticity.—It will be observed that the statical tests made to deter- 


mine the elasticity indicate that, in general, the combination of welded and unwelded 


material behaves practically homogeneously up to at least the elastic limit. More- 
over, the experiments show that the process of welding is such that the stress is 
distributed practically uniformly over the weld and also transmitted uniformly to the 
adjacent plates. 

The material of the weld is practically ‘pure iron, and from the tests made ona 
specimen composed entirely of the deposited material of a weld it will be seen that, 
for a given stress, the weld stretches slightly more than mild steel. This property 
will enable any undue occurrence of load being transferred in a proper manner to ad- 
jacent portions of the structure. 

When, however, the stress exceeds the elastic fiat and is so great that the ex- 
tension grows continuously without increase of load, the welded material fails sooner 
than mild steel. But this disadvantage is of little practical importance in shipbuild- 
ing and may be regarded as negligible in the particular problem under consideration. 

2. Dynamic Elasticity.—In a structure such as a ship, which is exposed to vari- 
ations and reversal of stresses, it is extremely important to know whether the ma- 
terial to be used is likely to break down rapidly under such alternations and ranges 
of stress as are likely to be experienced. The modified Wohler tests employed in the 
experiments certainly indicate, if considered solely by themselves, that whereas for 
a given number of alternations mild steel would withstand a range of stress of, say 
+10% tons, the welded material might be expected to fail at about +61 tons, a 
figure which is more nearly experienced in ordinary ship construction. 


ee 
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As already stated, the material in the weld appeared to be nearly pure iron, and 
experiments of repetitive stress show that wrought iron bars are likely to fail under 
a range of stress of perhaps +7 to 8 tons as compared with mild steel at +10 to II 
tons. The weld has to be deposited electrically and is subject to variations in work- 
manship; it would consequently be considered satisfactory if the material could with- 
stand a range of stress of say +6%% tons. 

It would appear to be necessary to design the welded joints in such a manner 
that the amount of work likely to be thrown on the joint is as small as possible, 
and to meet such a condition a welded joint requires to be either lapped or strapped. 

Consideration of the dynamic elasticity properties appears to show that in any 
case the welded material can experience as large a number of repetitions of stress as 
wrought iron could do, and it is always recognized that, although iron could not ap- 
proach the tests for mild steel, it was a satisfactory material for shipbuilding 
purposes. Further, attention to design of details will increase the performance of the 
welded joint, and in addition it must not be forgotten that 5,000,000 repetitions of 
stress is perhaps more than equivalent to ten years’ good sea service. 

3. Physical Nature and Properties——It has been mentioned that the welds ex- 
perimented with are to be regarded as having been produced under most favorable 
conditions, and that throughout the experimental welds were made with the speci- 
mens horizontal and below the operator. In practice, welds will require to be made 
vertically and overhead as well, consequently extreme care will be required in such 
operations. 

The physical examinations indicate that the materials of the electrode and the 
system of welding adopted were suitable and reliable. Moreover, there was little ap- 
parent oxidation and the material in the neighborhood of the weld was not affected 
to any prejudicial extent. 

4. Strength of Welds and Minor Tests——Broadly speaking, the tensile strength 
of butt welds was as great as the unwelded material, but it is considered that greater 
reliability of workmanship is obtained with joints which are either lapped or strapped. 

It was also found that the lapped joint was practically as strong as a riveted 
lapped joint and would probably remain tight when subjected to more trying con- 
ditions than are necessary to disturb a riveted lap joint. 


LLOYD'S RULES FOR ELECTRICALLY WELDED SHIPS. 


It will be seen therefore that the arc-welded joints made by highly skilled work- 
men with the particular system adopted throughout the foregoing experiments (the 
quasi arc process, using flux-covered electrodes) proved not only reliable but in some 
respects superior to the usual riveted joint. 

In view of the satisfactory results of these tests, the Committee of Lloyd’s Regis- 
ter of Shipping has decided that, under certain conditions, electric arc welding may 
be used in the main structure of a vessel and has adopted, as a tentative measure, 
the following provisional rules for classification in Lloyd’s Register Book of vessels 
electrically welded, subject to the notations “Experimental” and “Electrically 
Welded.” 


a. 
aa dy, 
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The approval of the Society will be given to any system of welding which com- 
plies with these regulations, and consideration will be given to any alternative con- 
structional arrangements which may be submitted for approval. 


TENTATIVE REGULATIONS FOR THE APPLICATION OF ELECTRIC ARC WELDING TO SHIP 
CONSTRUCTION. 


A. System of Welding and Workmanship. 


I. The system of welding proposed to be used must be appreved and must com- 
ply with the regulations and tests laid down by the committee. 

2. The process of manufacture of the electrodes must be such as to ensure 
reliability and uniformity in the finished article. 

3. Specimens of the finished electrodes, together with specifications of the na- 
ture of the electrodes, must be supplied to the committee for purposes of record. 

4. The committee’s officers shall have access to the works where the electrodes 
are manufactured, and will investigate, from time to time as may be necessary, the 
process of manufacture to ensure that the electrodes are identical with the approved 
specimens. 

5. Alterations from the process approved for the manufacture of electrodes 
shall not be made without the consent of the committee. 

6. The regulations for the voltage and amperage to be used with each size of 
electrode, and for the size of electrode to be employed with different thicknesses of 
material to be joined, are to be approved by the committee. 

7. The committee must be satisfied that the operators engaged are specially 
trained and are experienced and efficient in the use of the welding system proposed 
to be employed. 

8. Efficient supervisors of proved ability must be provided, and the proportion 
of supervisors to welders must be submitted for approval. 


B. Details of Construction. 


9. The details of construction of the vessel and of the welds are to be submitted 
for approval. . 

10. Before welding, the surfaces to be joined must be fitted close to each other 
and the methods to be adopted for this purpose are to be approved. 

tr. All butt and edge connections are to be lapped or strapped. 

12. With lapped connections the breadths of overlaps of butts and seams and 
the profiles of the welds are to be in accordance with the following table :— 


Width of overlap Throat 
Thickness of plate, seam and butt, thickness, 
inches inches inches 
0240) andiunder s..5.2-......- 24 0.28 
0.60 and under............... 2% 38 
0.80 and under............... 234 48 


1.00 and under............... 3 -00 
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Intermediate values may be obtained by direct interpolation, and for thick- 
nesses below 0.40 the throat thickness is to be about 70 per cent of the thickness of 
the plate. 

13. A “full weld’ extends from the edge of a plate for a distance equal to the 
thickness of plate to be attached, and the minimum measurement from the inner 
edge of plate to the surface of weld is the throat thickness given in the table above. 

14. A “light closing weld” is a single run of light welding worked continuously 
along the edge of the plate. Such a weld may, however, be interrupted where it 
crosses the connection of another member of the structure. 

15. An “intermittent or tack weld” has short lengths of weld which are spaced 
three times the length of the weld from center to center of each short length of weld. 
Such tack welding may vary in amount of weld between a “full weld” and a “light 
closing weld.” 

16. The general character of welds is to be in accordance with the following 


table :— 
Inside edge Outside edge 


(a) Butts of shell, deck and inner bottom plating ..... co dp 
(6) Butts of longitudinal girders and hatch coamings..... BF 
(c) Edges of shell, deck and inner bottom plating ......... L F 
(d) Butts and edges of bulkhead plating ................ 

Toe Heel 


(e) Frames to shell, reverse frames to frames and floors. . 
GP): Beams ‘to decksa. es jt oooh eats en eC 
(gy) Longitudinalfcontinuoushanelessen ae eee eee iL, 
(h) Side girders, bars to shell, intercostal plates, floors and 

inner bottom! a54 sso eee ob) a eee are 
@)PBulkheadistifkenersusn sae cee eee ree einai 

F = Full weld. L = Light weld. T= Tack weld. 

17. All bars required to be watertight are to have continuous welding on both 
flanges with tack welding at heel of bar. 

18. The welded connections of beam, frame and other brackets are to be sub- 
mitted for special consideration. 

19. The committee may require, when considered necessary, additional attach- 
ment beyond that specified above, and the welding of all other parts is to be to their 
approval. 

The rules are necessarily of a tentative nature and general in character and will 
be modified as further experience demands. It will be observed, however, that con- 
siderable importance is attached to the system of welding, type and process of manu- 
facture of electrode, and to the employment of specially trained operators under su- 
pervisors of proved ability. 
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ELCTRICALLY WELDED VESSELS. 


The first vessel to be electrically welded, so far as the writer is aware, was the 
Dorothea M. Geary, a small launch 42 feet 0 inches by 11 feet 0 inches by 6 feet 6 
inches, built by the Geary Boiler Works at Ashtabula Harbor, Ohio, in 1915. The 
shell, which is of 8 pounds plating, is electrically welded throughout, the joints being 
butted and metallic arc bare electrode used. The frames and bar keel are riveted to 
the shell. 

This little boat has been in service in the harbor since her completion, and no 
signs of distress or leakage have yet been noticed in any of the welded joints. 

The Richborough Barge.—The barge recently completed at Richborough on 
the southeast coast of England, and referred to in the daily press as “The first rivet- 
less ship,” has attracted widespread attention. The construction of this barge, 
which is shown in Fig. 2, Plate 150, was the sequence to a long series of successful 
tests on electrically welded joints carried out in England at the Admiralty dock- 
yards and elsewhere, and will doubtless prove to be the stepping stone between the 
laboratory test stage and an actual full-powered ocean-going steamer yet to be built. 

The barge in question is a non-propelled standard cross-channel trans- 
port barge 125 feet between perpendiculars and 16 feet beam, with a displacement 
of 275 tons. It differs in no way from the standard riveted type with lapped joints 
excepting that the seams of shell plating are arranged clinker fashion and joggled 
to permit of horizontal downward welding as much as possible. The hull is rectan- 
gular in section amidship with only the bilge plates curved. The shell plates are 4 
inch and 5/16 inch thick. 

It was erected in the ordinary manner with service bolts spaced from 10 inches 
to 15 inches apart, and after the joints were welded the bolts were removed and pins 
driven into the holes and welded up, as it was desired to complete the structure 
entirely without rivets. 

Five welders of considerable experience were employed on the work, using the 
“Quasi Arc” process with flux-covered electrodes. After a few initial difficulties 
had been overcome, an average speed of welding of 7 feet per hour was maintained, 
including overhead work which averaged from 3 to 6 feet an hour. Altogether there 
were from 7,000 linear feet of welding and 3,066 holes to be filled, the total cost 
of welding being made up as follows:—Electrodes, £178; current, £60; labor, £62, a 
total of £300. It is anticipated that the large proportion of this amount, represented 
by cost of electrodes, could be reduced by some.60 per cent with an increased 
output. 

Careful check was kept of the total cost and the total man-hours of work in- 
volved, but a comparison with that of a similar riveted barge would be misleading, 
since the welded vessel was purely an experimental demonstration and no attempt 
was made to save material or to economize by the substitution of rivets in parts 
where this might have been cheaper or quicker than welding. Nevertheless it is es- 
timated that 246 man-hours were saved over the riveted barge. 
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Since her completion the barge has been engaged in cross-channel service and 
with a full cargo of ammunition has experienced some exceptionally heavy weather, 
but has so far shown no signs of failure in the electrically welded joints. 

Mr. A. J. Mason’s Experimental Section —With the object of trying out on full 
scale several methods of electric welding, Mr. Mason of the United States Shipping 
Board is having constructed at the Federal Shipbuilding Company’s yard, Kearny, 
New Jersey, a 42-foot length of the full-size middle-body section of one of the stand- 
ard 9,600-tons deadweight vessels, the drawings for which are shown in Plate 24. 

Owing to the difficulty in securing material, some departure has been made from 
the regular scantlings, and ordinary tank quality steel is being used. 

It is proposed to employ a variety of different methods of connection, including 
riveting, in the different parts, and a serious attempt will be made to apply the port- 
able spot welder, previously referred to, both for clamping and welding. 

In this work Mr. Mason is collaborating with the Welding Committee, and 
considerable information of a practical nature is anticipated during the erecting 
and welding of the structure by different systems. 

The section is arranged so that on completion it may be filled with water and 
subjected to hydraulic and such other tests of a practical or scientific nature which 
may be suggested. 

Designs for Welded Ships—Two significant points to bear in mind in design- 
ing an electrically welded vessel, for the present at any rate, are, first, that our 
knowledge of the welded joint is still far from complete, and secondly, a welded 
joint has not yet been produced which is 100 per cent efficient in all respects as com- 
pared with the parent material united. With reasonable precautions it is compara- 
tively easy to obtain a tensile strength at least equivalent to the metal united, but 
tension is only one of the many stresses to which such structures are subjected. It is 
not so easy to reproduce the same degree of ductility, the resistance to fatigue and 
to combined stresses of various kinds. 

Another unknown factor which must not be lost sight of is the ability of a riveted 
vessel to adjust itself to stresses, or, as Kipling puts it, to “find” itself. The joints 
are made when the ship is on the ways, inanimate. When she gets afloat an entirely 
different set of conditions is presented, and the unbalanced internal stresses intro- 
duced during the process of bolting up and riveting are frequently intensified. How- 
ever, when put into a sea-way, the repeated and alternating stresses cause her to 
“work,” a rivet “gives” a little here, a joint “takes up” a little there, and the stresses 
are passed from one to the other, until the structure acts as one harmonious whole. 

Just how essential is this property in a ship joint, experience with the first welded 
ocean-going ship alone can show. 

There is no doubt that these questions will be largely if not wholly answered as 
a result of further study of the metallurgy and physics of welding, and with a wider 
practical experience of its application to the main structure of ships. 

Until then, however, and in the absence of any exact method of testing the 
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value of the completed weld, a welded ship is at present experimental in nature and 
can therefore be more easily justified if designed along conservative lines. 

Exception may be taken to this statement in that we have no exact method of 
determining the efficiency of a rivet in the hull of a riveted ship or the soundness and 
homogeneity of a casting or welded forging, but the answer is that the accepted 
methods of testing such work have been fully justified by experience and have proved 
that the “guesswork” involved has been within the limits of the factor of safety al- 
lowed for in the design which per se is the result of such experience. 

In preparing the design and arrangement of material for a welded ship, it is 
considered desirable to keep the following practical features in view :— 

1. The work has to be properly closed up for welding. 

2. Overhead welding should be reduced to a minimum. 

3. As much welding as possible should be done on the ground or in the shops 
where the material can be handled in the most favorable positions and where the dis- 
comforts and inconvenience of protective equipments are least felt. 

4. In certain parts riveting may be more convenient and economical than 
welding. 

Design for a Longitudinally Framed Electrically Welded Vessel.—Plates 25 
and 26 show the midship section and shell expansion plan of a vessel designed by 
Mr. J. W. Isherwood on the Isherwood System of Ship Construction. The dimen- 
sions are 303 feet o inches B. P. by 42 feet 9 inches Mld. by 23 feet 4 inches Mld., 
and the deadweight carrying capacity about 3,960 tons. The arrangement of ma- 
terial and scantlings is much the same as in a riveted vessel of the same type, and 
apparently the designer has given full consideration to the practical limitations in 
ship construction, as well as to the limitations demanded by our present knowledge 
of electric welding. 

The seams of side plating are arranged clinker fashion, and as many attach- 
ments as possible are welded to the shell decks and inner bottom plating before erec- 
tion in order to reduce the amount of overhead welding. In fact, from a close study 
of the design, it will be seen that overhead welding is practically avoided altogether 
in the case of the strength welds. 

The shell plates in this design are 84 inches in width and each plate has three 
longitudinals welded to it before erection, the butts of the longitudinals being welded 
at or near the butts of the shell plate. The numbers of shell plates and approximate 
total number of linear feet of “full,” “light,” and “tack” welds are shown on the 
shell plan. The system of construction lends itself to a large proportion of the total 
welding being done prior to erection, and in working out the details no attempt 
has been made towards an unreasonable elimination of bolting or riveting. 

For instance, the longitudinals are attached to the shell plating by service bolts 
spaced 12 inches apart and are welded at the toe and heel by continuous light welds; 
then the bolts are removed and rivets or welded studs fitted. In other parts, where 
the minimum number of bolts necessary to properly tighten up the work approaches 
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the total number of rivets required in the riveted ship, the designer has simply added 
the extra rivets instead of attempting to weld. 

It may be added that this vessel has been designed in general conformity with 
the Rules of Lloyd’s Register of Shipping for electrically welded vessels. 

Instructions have already been issued by the Director of Shipbuilding in Great 
Britain to proceed with the construction of a number of coastal vessels of about 200 
feet in length after this design. 

It is understood that a detailed description of the design and method of con- 
struction will be contributed to the discussion on this paper by Mr. Isherwood, there- 
fore no further reference need be made here. 

Design for Transversely Plated Vessel.—Should electric welding justify itself 
by actual experience and development in shipbuilding as it has done in other spheres 
of engineering such as locomotive, automobile and aeroplane work, the possibilities 
of the future in ship design awaken the liveliest imagination. 

It may be found desirable and expedient to break away entirely from the pres- 
ent methods of erection and of arranging material for which the limitations of a 
riveted joint have been primarily responsible. That such an eventuality has been 
foreseen is evidenced by the design illustrated in Plates 156 and 157. 

The design and method of erection shown in these sketches was devised by 
Mr. C. P. M. Jack, acting under the direction of the Welding Committee. The 
object of this design was not so much to demonstrate the possibility of building a 
welded ship as to indicate the possible saving in material, time and cost in ship con- 
struction which might result from the successful completion of the committee’s work. 
In this design one of the principal objects aimed at was the fabrication and welding 
of large sections in the shops with a view to reducing overhead and field welding. 
The various sections prepared for erecting are shown in the perspective drawing, 
from which it will be seen that with the exception of the keel, center keelson, rider, 
bilge and sheer strakes and upper deck stringer, the vessel is plated transversely. 
The parts mentioned are those subjected to the maximum principal stresses and are 
worked fore and aft in long lengths of increased thickness, the butts being shifted 
and specially reinforced. 

The method of erection proposed is also a radical departure from existing 
methods. Instead of building from the keel upwards, this vessel, it will be observed, 
is built from the stern forward. 

A large header, mounting two electrically driven cranes and containing the 
stagings, pipe fitters’, joiners’, carpenters’ and other shops, welding equipment, and 
foremen’s offices necessary for each ship, travels along the way on tracks, as each 
6-foot section is completed. 

The design was adapted to standardized production and arranged so that a com- 
plete section 6 feet in length could be erected and welded at the ship during each 
8 hour shift. It was intended that the shop work be done entirely by women and the 
field erecting and welding by men. 

Welding as an Occupation for Disabled Fighters.—Apart from its importance 


a 
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to the shipbuilding and engineering professions, there is an impelling reason why the 
subject of this paper should at least command the sympathetic attention of all in- 
terested in the future of those men who, in the defense of civilization, have sacrificed 
their physical fitness to return to their former means of livelihood. 

In the application of electric welding to ship construction a vast field of useful 
and honorable employment is opened up for temporarily or permanently disabled 
men on their discharge from the service or hospitals. We have seen that welding is 
not an arduous task; a man maimed by the loss of an arm or a leg can weld as well 
as the physical giant. It may be that he will weld better, for such work demands the 
conscientious application usually found among those whose occupations are limited 
as a result of physical impairment. In developing the welded ship, with all its eco- 
nomical possibilities, we may therefore be helped not a little by the consciousness 
of directly assisting in the solution of this greater problem of our national indus- 
trial economics in particular and of humanity in general. 


DISCUSSION. 


THE PRESIDENT :—This paper, No. 13, entitled “The Application of Electric Welding 
to Ship Construction,” is now before you for discussion. I am very sure there should be 
some interesting discussion on this paper. It is a very vital question for shipbuilders to 
follow up, and we shall be glad to hear from any one on the floor, whether a) member or not. 


Mr. H. A. Hornor, Visitor:—Unfortunately 1 have not been able to peruse Mr. Cox’s 
paper, and I have just been able to get here. But I can say, regarding the paper, without 
having read it, that there is nothing in it that has not been thoroughly investigated by 
him, because I know he has been following up closely all the work of the Welding Com- 
mittee of the Emergency Fleet Corporation. He was collaborating with me for some time 
regarding the design which he mentions in his paper prepared by Mr. Jack, and also in look- 
ing over other designs which would make electric welding applicable to ship construction. 

Without wasting your time or adding anything to his paper, | would like to have your 
attention rivetted to one point in regard to this application. In all of the investigations that 
have been made regarding the process, it was discovered, and very early, that this particular 
process was introduced into the field, and it has been applied by steel men up to the present 
time. 

Those of us who have had occasion to look up other processes in engineering have dis- 
covered, naturally, that a certain amount of work and time has to be devoted in transferring 
such a process from the field into higher and greater things, and also to make it practicable 
for the purposes intended. This work, or course, under the stress of war has been done in- 


_tensively, and possibly for that reason there are certain engineers who are in doubt as regards 


its applicability, but I want to call your attention to the fact that intensive work has been 
done in moving this particular application from the field to the higher services, and the crux 
of the situation rests in the operator. 
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The field man was perfectly sincere and perfectly conscientious in what he called making 
a weld. All the metallurgical investigations, all the scientific research were concentrated on 
what was in the weld that the man had made, and it was soon discovered that, if you take a 
man, and especially a man who was not of the order of the laborer, a man of a higher order, 
a man who is accustomed to use his brain and use it with rapidity, because the arc is a very 
“rapid fire’ proposition—if you take a man of that type and start to train him and to inject 
into his consciousness a sense of responsibility of the craftsman, immediate improved results 
appear. 

Now, strange to say, the research men are going backward on that very proposition. 
They are now making negative trials, and I had a request just before leaving my office to 
make a weld which was bad—they are finding difficulty now in turning around and making a 
bad weld in order to investigate why the weld is bad, and also in their endeavor to find some 
non-destructive method of testing the weld. 

I think that every one of the shipbuilders, every one of the naval architects, and every one 
of the marine engineers may feel absolutely no hesitancy to-day in applying the process safely 
to such a serious thing asa ship. I realize, as you all do, that a ship is a very serious matter, 
involving a great deal of money to build and a great deal of money in the carriage of cargo 
and carriage of life, and I would be the last man in the world to say to you gentlemen to-day, 
and to say it freely and boldly, that the method is perfectly safe to use to-day, if you observe 
one thing and treat that one thing conscientiously, and that is the craftsman you put on the job. 

If you have craftsmen who are determined in their own minds to be something more 
than craftsmen, and you will go back to what your Society stands for, the art of shipbuilding, 
and make them believe that shipbuilding is an art, and in using that electrode they are doing 
nothing more or less than the painter in handling his brush, and that in the steel structure they 
have nothing but what the sculptor has in his marble, and you gather around them a central 
mind to guide that work and a number of men to aid him, you will undoubtedly carve a mon- 
ument in steel with the arc and with the electrode. 


Mr. SPENCER Miter, Member of Council:—I would like to ask a question—how many 
artisans or craftsmen would be required to electrically weld a ship to be launched as rapidly 
as is now done with the rivetted ship? 


Mr. H. Jasper Cox :—That would largely depend on the size of the ship. In this paper 
you will find some data on the subject of welding, which you can apply against the speed of 
rivetting per lineal foot of seam or joint. 


Mr. H. M. Hosart, Visitor:—I wish on behalf of the Welding Research Sub-Committee 
to express their hearty appreciation of the splendid co-operation of Lloyd’s Register of Ship- 
ping and the American Bureau of Shipping. Lloyd's Register of Shipping, which was repre- 
sented on the committee by the author of this paper, helped us out at every point from their 
immense fund of technical information. 

Prof. C. A. Adams, the chairman of the Welding Committee, was particularly desirous | 
should describe the research work which has been done by the Welding Research Sub-Com- 
mittee. We recognize that Britain made a splendid contribution to the advances which have 
been made in the art of electric welding, especially in the art of electric welding as applied to 
shipbuilding. But we feel that from the point to which they brought the art, our work during 
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the last year, and perhaps more noticeably during the last six months, has led us to have a more 
definite and positive knowledge of the conditions essential to sound welding than has been 
heretofore available. 

We have been heartily encouraged by the Emergency Fleet Corporation in making these 
researches, and we believe that we already have a rich return for the outlay and that still 
further lessons of the greatest value will be learned by us in the very near future. 

Even the briefest outline of the extensive and important work which we have in hand 
would occupy too much time. Consequently, I have concluded to deal chiefly with a single sub- 
ject, namely, with the results of a series of tests of double-Vee welds of half-inch ship plate 
of the following composition :—Carbon, 0.25; manganese, 0.46; silicon, 0.034; sulphur, 0.03; 
phosphorus, 0.04. 

Welds of the dimensions shown on the chart (8 inches long, 45-degree, double-Vee welds) 
were made at a dozen different places in the presence of Messrs. Wirt and Jones of our com- 
mittee. At each place the operator employed whatever conditions were considered most suita- 
ble. All sorts and sizes of electrodes, including bare and covered types, were used. While 
in the majority of cases direct current was employed, alternating current welding is also well 
represented by quite a number of welds made at different places. Some alternating current 
welds were made with 60 cycles and some with 25 cycles. If Mr. Cox’s paper had been read 
a fortnight later, we could have contributed the results of some 30 per cent more such 
welds, the tests of which have not yet been completed. It is, however, reasonably certain 
that the results from these remaining samples could not materially alter. the conclusions. I 
wish to make the most careful reservations of entire right to amend our conclusions in any 
way when we have had time to further check and digest our work. In fact, the material which 
I am now placing before you has been arranged in so short a space of time that it has been 
impracticable for me to submit it to the Welding Research Sub-Committee for any revision 
or endorsement of the statements which I shall make. Consequently, and with much concern 
at the responsibility, I must put them forward as merely my own opinions. 

One remarkable observation relates to the utter absence of any agreement amongst weld- 
ing specialists as to the preferable electrode material and as to the conditions as regards sys- 
tem of supply and the conditions as regards current and voltage for obtaining the best results. 

My first step was to divide the results into two groups, namely, welds made with bare elec- 
trodes and welds made with covered electrodes, with a view to comparing their mechanical 
characteristics as regards bending strength, torsion strength, tensile strength and per cent 
elongation at fracture. This attempt led me nowhere; any difference in the average results 
were too small to be admitted to possess significance. 

This was also the case when I| attempted to contrast D. C. and A. C. welds. I found no 
notable difference in the mechanical characteristics. 

But, on studying the influence of the current employed in making the weld, there at once 
became apparent a very great improvement in all the mechanical characteristics With increas- 
ing current. The four diagrams in the upper row of the chart (Plate 158) speak for 
themselves. 


Black squares @ relate to A. C. welds made with coated electrodes. 
White squares © relate to D. C. welds made with coated electrodes. 
Black circles @ relate to A. C. welds made with bare electrodes. 
White circles O relate to D. C. welds made with bare electrodes. 
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It will be observed that D. C. and A. C. results are quite evenly distributed above and 
below the resultant curve, as is also the case with results with bare and covered electrodes. 
But the beneficial effects of employing heavy current are distinctly evident with respect to all 
the four mechanical characteristics on which the tests were made. Considering, for a minute, 
the chart showing the relation between the tensile strength and welding current, we see that if 
the weld is made with some 90 amperes, the most probable value for the tensile strength is 
only some 43,000 pounds per square inch, whereas if the weld is made with 180 amperes, the 
most probable value of the tensile strength of the resulting weld will be nearly 50 per cent 
greater, namely, well above 60,000 pounds per square inch. Similar ratios of importance hold 
with respect to the bending test, torsion test, and the per cent elongation at fracture. 

The following schedule shows the distribution of the total of twenty welds in different 
classes : 


Bare (12) § Direct current (9) plotted as white circles. 
| Alternating current (3) plotted as black circles. 


§ Direct current (2) plotted as white squares. 
Covered (>) ( Alternating current (6) plotted as black squares. 


The twenty observations were divided into three groups: “A”’ for eight welds made with 
150 to 175 amperes; “‘B” for six welds made with 105 to 145 amperes; “C” for six welds 
made with 83 to 94 amperes. 

As already stated, there was no attempt on the part of the committee to suggest to the 
proprietors or users of systems or electrodes, the current to be used, or any other conditions, 
and it is fair to conclude that in each case the conditions employed were believed by the makers 
of the weld, or by the operators, to be the most suitable conditions. 

The average values obtained for Groups “A,” “B,” and “C” are shown in the following 
table :— 


A B Cc Ratio of A to C 
CWHMAN snoasscauoodacoou0GecKD 158 123 89 1.78 
Ult. strength (lbs. per square inch) . 59, 000 50, 000 46, 000 1.28 
Per cent elongation in 2 inches... . 8.9 6.2 5.0 1.78 
Torsion-torque ratio............. 0.86 0.75 0.67 1.28 
Bending angles in degrees........ 54 45 32 1.68 


I conclude that the reason for the wide use of 100 amperes and less, for a weld of these 
proportions, is that there are more operators who can make superficially good-looking welds 
with such a current than there are operators who can manage currents of twice their value. 

It is very important to note that, with sufficient skill on the part of the operator, not only 
will the high-current weld be made more quickly, but it will also have much better mechanical 
characteristics. In so far as these various conclusions are correct, they emphasize the import- 
ance of concentrating on the development of automatic welding machinery, since it is reason- 
able to assume that, with such machinery, higher speeds can be obtained, which, as we have 
seen from these results, are associated with higher currents which in their turn are associated 
with better welds. 
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A few months ago, the Welding Research Sub-Committee sent out questionnaires by 
means of which it obtained statements of the current employed at that time by various con- 
cerns for work of various dimensions and shapes. In the following table are given the values 
employed by five different undertakings for welds equivalent to the welds in this series of 
tests, and in the last line are given the values indicated by this study of the results from the 
Wirt-Jones tests. 


CURRENT FOR WetpiInG Hatr-Incu TuHick Suip PLATE. 


Current 

recommended Kind of 

(i amperes). electrodes. 
HNIBISED PLACE COL Mais cc ce eis) aah alas arevdreng ene ORO Zanton 20: Flux-covered 
Atchison-Topeka and Santa Fe Railroad....... MS etowlZ5 Bare 
New Vorkd Gentrall RoR. ve sas sedan sae 110 to 150 Bare 
Chicago, Rock Island and Pacific Railroad...... 80 to 135 Bare 
Indications from some advance results from the 

Wirt-Jones tests, at least probably........... 175 to 200 Bare and covered 


It was interesting to note, from the data obtained from the 20 welds of the Wirt-Jones 
series, that the operators who employed the largest current did not always employ electrodes 
of the largest cross-section. In other words, no consistent relation was observed between the 
current employed and the size of the electrodes, different operators employing different cur- 
rent densities. In fact the current densities employed for these tests ranged all the way from 
6,000 amperes per square inch up to 14,000 amperes per square inch. In Mr. Cox’s paper is 
given a table of recommended sizes of electrodes for various currents for covered electrodes. 
I have analyzed these values and found that the recommended current densities range in most 
cases from 4,000 up to but little over 6,000 amperes per square inch. For covered electrodes 
as employed in England, the use of lower-current densities than are necessary for bare elec- 
trodes is claimed as an advantage. I doubt whether they are right on this point, and I am 
also inclined to believe that they use too large electrodes. Although they obtain good welds, I 
doubt if they are obtaining as good welds with the use of these low currents and 
low-current densities as could be obtained if they should redesign their electrodes so as to main- 
tain an equal rate of consumption of the flux covering and of the core when working with 
the high-current densities. With an American design of covered electrode represented in 
the curves by four points, high-current densities are employed and with decided advantage, 
so far as relates to the mechanical characteristics of these four welds. 

The four lower curves of the chart represent an attempt to ascertain whether any con- 
clusions could be deduced with reference to the effect of the current density on the mechanical 
characteristics of the weld. I call the attempt by no means successful ; nevertheless, a great deal 
of interest can be learned by inspection of these curves. Thus we observe that the current 
densities range, as already mentioned, from 6,000 amperes per square inch upwards, whereas 
British practice is confined to value below 6,000 amperes per square inch. Obviously, if for 
making a given weld, with a given current, an operator uses an electrode of half the cross- 
section employed by another operator, the electrodes will burn away at twice as great a rate. 
In view of the present practice of employing straight, short lengths of electrodes, this would 
mean as frequent renewal of electrode and a great loss of time in putting new electrodes in the 
holder. Such considerations have probably contributed to the use of lower-current densities 
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than could otherwise have been employed to advantage. It is hoped that the advent of auto- 
matic welding machines, feeding wire from reels at a rapid rate, will permit using high cur- 
rents and high current densities, and of obtaining the better mechanical characteristics ac- 
companying these higher values. 

q he following table sets forth the average; for the three groups employing (A) high- 
est; (B) intermediate; and (C) lowest current densities :— 


A B C Ratio of A to C 
Current density (in amperes per 
square inch).............2.+6- 10, 800 7, 400 6, 450 1.67 
Ult. strength (in pounds per square 
ma ddesccepecceoudoooooe00e 57, 000 50, 000 48, 000 1.17 
Per cent elongation in 2 inches.... 8.8 5.8 6.7 1.31 
| Torsion-torque ratio............. 0.81 0.78 0.71 1.14 
Bending angle in degrees... .... 49 47 36 1.36 


The reason underlying the extremely definite indications as regards the quality of the 
welds when studied as a function of the welding current and the relative vagueness of the in- 
dications when an attempt is made to study the influence of the current density, is that the for- 
mer, as regards its influence, is the dominating variable, while the latter is on a par with 
many other minor variables and judgment as regards the influence of the current density in 
the electrode, should be reserved until suitable research work is completed in which, with con- 
stant current, different cross-sections of electrodes are employed. 


SIDE PLATING AND INTERNAL WORK. 


Full welds——Outside edges of shell overlaps. Butts of shell plates and longitudinals. 
Connection of transverse plates to shell clips. Connection of transverse to inner bottom plating. 
Light welds.—Inside edges of shell overlaps. 


DECK AND INTERNAL WORK. 


Full welds —Seams of deck plating. Butts of deck plating and longitudinals. Heel of 
gunwale bar. Connection of beam to transverse. 

Light welds.—Connection of transverse beams plates to clips already on deck. Pillar and 
detail work. 

The same remarks apply in regard to the filling of service holes. 

In conclusion I would like to add that it will give me pleasure to add details of the vari- 
ous parts showing the kind of weld and the service holes required, so, if the Society thinks fit, 
they can be added to Mr. Cox’s paper. 


LizuTENANT ComMANDER H. G. Knox, Member:—I received a copy of this very inter- 
esting paper late last night, and only had an opportunity to look it over hurriedly on the 
train this morning. ‘ 

It appears to me that one of the conditions of the art of welding to-day is in effect that arc 
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welding grew up from the shop rather than in the draughting room. The value of repair 
work done by arc welding was clearly demonstrated to the country in the case of the repairs 
to the cylinders of the German ships, of which we have heard a great deal. At Norfolk we 
are at the present time welding a great big cast-iron cylinder from the steamer Rondo, which 
is probably a bigger job than any of the applications in connection with the German ships. 
When we want to repair an article in the navy yard or in the shipyard we go to the welder 
for advice and not to the draughting room. When we need new work, obviously we go to 
the draughting room and not to the welder. The draughting room is waking up to the fact 
that it is behind the times in arc welding. 

The drawings for new construction work are largely based on the experience of years and 
on classification rules, specifications, and other forms of standard practice, but in welding we 
still have all that ahead of us, and for that reason, also, we have nothing as yet to go by. 

The development of welding is gradually leading up to a new profession, that of Welding 
Engineer. The designation “engineer” is much overworked, it is true, but we are at present 
dependent on the mechanic and welder and are gradually educating the engineer, who will then 
form a combination of practical men and theoretical men. When this is accomplished we 
will have a great stimulus in the art of welding. 

The use of resistance welding referred to by Mr. Cox, is, I think, primarily of use for re- 
peat production work rather than job work or in general construction work on the hull struc- 
ture. The use of resistance welding, known generally as spot welding, ridge welding, or 
line welding, is mainly a shop method and always will be unless the tests now under way by 
Mr. Mason demonstrate the possibility of getting a large spot welder which can be used in the 
field and supported by a crane for erecting very heavy plate work. In other words, the re- 
sistance welder is a machine to which the work will be taken, while the portability of the arc 
renders it a field device which can be readily taken to the work. 

The sheet metal articles used in shipyards or navy yards, while perhaps not often consid- 
ered by naval architects, represent a tremendous output, and probably all of the plate that is 
handled in ventilator work, and in many bulkheads and lighter structures in ships, can be 
done by spot welding in one form or another, and that applies to black plate and a galvanized 
plate from 5 to 7.5 pounds. That is particularly true with reference to battleships, and also, 
to some extent, in merchant ships. 

At the Norfolk Navy Yard we recently installed a butt welder of 114 inch diameter ca- 
pacity. I believe there was a machine there some years ago of similar type, but the records 
were lost, and we are considering this as a new machine. In the few months it has been in 
use it has more than paid for itself. We can weld rings from 1 to 1!4-inch diameter wire and 
such things as angle collars and angle rings for ventilators, within the capacity of the ma- 
chine. One thing pertaining indirectly to the ship construction is the welding of high-speed 
tips on nickel steel shanks and we use practically no other kind of tools in our shops. All of 
_ the welding is done on this machine. 

We also salvage all broken drills, which is of interest to shipbuilders, and this machine 
recently welded a broken 2.5-inch high-speed drill. After the weld was made the drill was 
driven until the drill-press stalled, showing the drill was quite strong enough. 

Another form of the application of electricity in shipbuilding not mentioned by Mr. Cox 
is the electric heating of rivets, and, while it is not within the scope of this paper, that form of 
energy in obtaining heat for rivets is being extensively used. One form of machine heats the 
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rivets in multiple, and another heats four in series. This work is done very successfully and 
replaces the usual forge. 

Another adaptation of electrical energy is in the heating of rivets inserted in plates. For 
this method is claimed. not only rapidity of operation but also annealing of the plate in the 
vicinity of the hole, due to the heating in place. 

Mr. Cox refers only slightly to the use of the carbon arc, and that is probably because he 
has considered here, again, welding of the ship structure proper. On the lighter work that 
goes into a ship (the sheet metal work) there is a vast field for the carbon arc, and this is 
particularly true of the carbon arc mechanically driven. 

Although the hand-operated carbon and metal electrodes have been used exclusively up 
to the present time, the development of the mechanically driven electrode is now making rapid 
strides, it is doing practical work of a high order, and there is every reason to believe that 
it will supplant hand welding in many places. Mr. Hobert’s remarks on the advantages of 
high-current densities and high-current values will tend to accelerate that progress. 

In shipbuilding, considering the structure as a whole, the metallic electrode will, of course, 
be the principal means used, whether bare, coated, covered, or composite. By composite I 
mean a steel electrode with some form of core. The Research Sub-Committee of the main 
Welding Committee is now engaged on the development of steel electrode wires with cores 
applied somewhat after the fashion of electric light carbons. 

A reference is made in the paper to the tests of larger sized models. I did not arrive in 
time to see the moving pictures, but I believe a picture was shown of Mr. Wagner’s 12-foot 
cubical tank at Pittsfield, which has been welded and tested with repeated bending tests. At 
Norfolk there is a similar tank almost finished, which is to be subjected to similar tests. The 
welds in the Norfolk tank are different, but its design is practically the same, though it is of 
somewhat smaller size. 

We are also building at Norfolk a battle-towing target, the design of which some of you 
may know, but for the benefit of the others I will say it is a target carrying a large screen, 
towed behind battleships, and used in their gunnery practice at sea. Among other parts it has 
a steel vertical box keel 100 feet long by 16 feet deep, made up of half-inch plate. The 
two vertical sides are braced 4 feet apart, with cross frames or floors. The welding of this 
target is under way and we would be glad to have any one interested call and see it. 

Two days ago we had one of the first chilly days at Norfolk, and a little after 7 o'clock 
the first gang got out and began chipping out a bad spot ina weld. Suddenly a whole butt be- 
tween two of these plates went off like a gun. The cause of the break was the contraction 
of an improperly welded strapped butt joint. The welders had first welded the fillet on each 
edge of the strap and then filled in the bevel between the plates being joined. They had thus 
introduced some molecular strains in the filler metal, so that the cold weather, coupled with 
the hammering in the vicinity, caused the seam 6 feet long to let go. It was, nevertheless, a 
very useful lesson and we were not surprised at the break. We now understand how to weld 
strapped butts. 

When the Jupiter was put into use, there were two questions often asked: First, whether 
there was not some danger from the voltage (2,300 volts) ; and, second, whether dampness 
would not affect the integrity of the insulation. I was questioned many times about the Jupi- 
ter and these were the two principal questions which were put. Similarly in arc welding, the 
questions generally asked are the ability of the arc weld to resist vibration, its ductility in case 
of collision, and its ability to resist corrosion. 


ae 
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Tests on the resistance to vibration made both in England and, in this country, at the Bu- 
reau of Standards indicate that the arc-welded joint, properly made, is entirely able to stand 
repeated stress to almost the same extent as the unwelded plate, provided the working stress 
in the weld is limited to about 60 per cent of the fiber stress developed in the unwelded plate. 
Vibrations of over 5,000,000 have been obtained by repeated stress on Upton-Lewis machines. 

As to ductility, a valuable point in ship design, that is being investigated by the Welding 
Committee in this country, and the report of Lloyd’s in this country, and the British Ad- 
miralty in England, both throw considerable light on this factor. Considerable difficulty is ex- 
perienced in assuring ductility. 

_ The question of corrosion has been made the subject of study both in England and in the 
United States, both natural corrosion in sea water and accelerated corrosion in dilute acids. 
At Norfolk tests were made on various electrodes with different currents and current densi- 
ties, and the information we have acquired to date, including examination of specimens at- 
tached to the bottom of ships in service, is entirely favorable to the welded joint. There 
seems to be no reason to doubt the ability of the welded joint to withstand corrosion in an 
entirely satisfactory manner. 

Most people accept the principal claims for arc welding—low cost, time saving, reduc- 
tion in weight, strength and inherent water and oil tightness—and it is only the two or three 
questions to which I have just referred that cause the comment. 

There are, however, certain disadvantages inherent to arc welding. I have noted four 
here. The first is the difficulty of supervision and inspection; that presents one of the most 
serious difficulties and is being investigated on all sides. The break in the towing targets at 
Norfolk just referred to was entirely due to poor supervision, because we knew it was the 
wrong way to weld a strapped butt, and yet that particular job was welded in this manner. 
We are getting samples from other butts, welded in the same incorrect order, and will subject 
them to tensile tests. 

The second objection to arc welding is interference to other workers. The arc is very 
harmful to the eyes, so that it is necessary to afford protection to others in the vicinity. That 
is well taken care of by screens when working on horizontal surfaces, but presents more diffi- 
culties when the men are working up and down the sides of ships. We are working on de- 
signs of screens for that purpose, but, having relatively little of this welding to do, the inves- 
tigation has not proceeded very far. 

A third objection to arc welding is the distortion due to heat developed iby the arc, a 
serious difficulty, and we have already had trouble in the battle-towing target due to that 
cause. That was first encountered in bolting up some of the earlier work, and we thought 
we knew howto handle it, but it has continued to give trouble. Experience will soon indi- 
cate means for obviating this difficulty. 

The fourth objection to arc welding is the difficulty of opening up for repairs a welded 
ship or other welded structure. No doubt that will be difficult. I find that the electrical en- 
gineers who design motors and generators, which we in the navy yards have later to repair, 
do not think much about the way to get their machines apart. They are solidly put to- 
gether, and the poor devil who has to take them apart to get at an inner winding has his 
troubles. We will, of course, have troubles in the case of the welded ship, except that the 
oxy-acetylene cutting torch will enable us to cut a hole so neat that the plate removed can 


be welded in again. 
The immediate development of the art would seem to require us to push vigorously the 
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all-welded ship. People familiar with the present state of the art agree that the time is ripe 
for the project. 

Lloyd’s Register, American Bureau of Shipping and other classification societies have 
already authorized the use in this country of an enormous amount of arc welding. There are 
thousands of authorized fittings on which arc welding can profitably be used by shipyards 
to-day. Many of the unimportant structural members of a ship can be welded, and it seems 
a shame, in some ways, that welding has not been further used in the shipyards. The ship- 
yards have, of course, been working at war-time speed, and it is inadvisable to interrupt the 
orderly course of their work. On the other hand, a saving of time and money by the use of 
arc welding, where already authorized, and where no chances are taken in its use, would 
certainly seem to warrant its immediate introduction. 

Its further introduction is limited by apparatus, perhaps, and the training of welders, 
but above all by the training of the engineers I first spoke of. While we can train welders 
in six weeks or three months, we cannot train the engineers in any such time, and the greatest 
problem confronting the shipbuilders to-day is the training of the men higher up. 


ConstRUCTOR COMMANDER S. V. GooDALL, Royal Navy, Member:—Mr. Cox is to be 
congratulated on his paper; its interest is shown by the length of the discussion. I think, 
too, that the registration societies, especially Lloyd’s, are to be congratulated on their progres- 
sive attitude towards the application of electric welding to ship construction. 

I would like to emphasize more particularly the remarks on page 212 of this paper and 
to say that electric welding is already established as a valuable accessory to shipbuilding in 
the manner described therein. In Great Britain electric welding has been found to be in- 
valuable during the war. Ships that ordinarily would have been out of service for many 
months have been repaired in a few days and have returned to the fleet. I have noticed with 
regret, in many of the shipyards I have visited in this country, that welding as an accessory 
to shipbuilding has not been adopted as extensively as it could be. I am sure that ship- 
builders would find that a gain in time and cost would result from a greater application of 
electric welding. 

With regard to the electrically welded ship, the policy of the British Admiralty, as the 
result of some experience, is to proceed with caution. The Richborough Barge referred to 
in this paper has done useful service successfully, but the plating of that vessel is com- 
paratively thin, and it is with thicker plating that difficulties have been experienced. 

The heaviest work so far done has been in the construction of what I might call a “false 
side,” which has been added to several battleships as additional precaution against torpedo 
attack. The added structure was similar to that of an ordinary ship’s side, the plating was 
generally about one-half inch thick, and arc welding was employed to a considerable extent. 

These ships have been carefully watched on service, and the troubles that have arisen 
have not been greater than might ordinarily be expected with such a drastic change in pro- 
cedure. However, there have been troubles, and it is advisable that they should be known 
and analyzed in order that, both in Great Britain and America, we may benefit by them. In 
that respect, I should like to say, in passing, that the co-operation which has existed between 
this country and Great Britain has been invaluable; in a letter only recently received from 
England my chief expressed his appreciation of the mutual benefits resulting from an inter- 
change of information on this subject, and I trust that after the war such co-operation will 
be continued, 
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As the result of experience with work such as I have described, the Admiralty has con- 
cluded that, although it is perfectly easy for a skilled welder to make, for test, welded joints 
that will give the satisfactory results that have been referred to in this paper and discus- 
sion, yet in building a ship there are difficulties on account of the complicated nature of 
the structure and its rigidity, that result in very different conditions to those attending the 
welding of two simple plates. The system of assembly for welding so far adopted in Great 
Britain is that referred to in this paper as the rigid system. Under that system lapped joints 
have been successfully made and have been satisfactory on service. Particular care must be 
paid to arranging the joints so that the main part of the welding is downwards, not upwards. 
Difficulty has, however, been experienced under that system with butt welds, particularly 
with butt welds of thick plates. Such difficulty had previously been experienced with heavy 
test pieces; accordingly it was originally decided to limit butt welding to plates of 25 pounds 
and under. Now, in the light of experience on service, the Admiralty has decided to limit 
butt welding to 15 pounds and under, where strength is important, until further experience 
has been obtained, when it is expected that it will be possible to go to thicker plates. 


Mr. JoseEpH W. IsHERWwoop, Member:—Was that a horizontal weld or a perpendicular 
weld? 


CoMMANDER GoopALL:—That was a vertical weld. Reviewing the situation, the ex- 
perience obtained with the work I have described has led the Admiralty to lay down, in 
regard to warships, the principle that electric welding for structural work, subjected to high 
stresses, may only be adopted where it is possible to test the work in a manner representing 
the tests‘to which the joints will be subjected on service. 


Mr. Cuarres P. M. Jack, Member (Communicated) :—The application of welding to 
shipbuilding is of the utmost interest and importance, and the able paper under discussion 
should do much to show the possibilities and clarify some of the mysteries connected with 
the art. 

The special reference to a design prepared by me under directions of the Design Com- 
mittee of the Emergency Fleet Corporation, Welding Committee, seems to call for some 
explanatory remarks. 

The design was prepared primarily to show advantages which might be looked for in 
ship construction, due to the introduction of a radical departure from existing methods of 
construction by the introduction of joints of high efficiency, being assured by the Electric 
Welding Committee that the following joint efficiencies could safely be taken :— 


Efficiency in tension. 


CD iomtskon tore and att plating.) 8/5534 00a) melee mains ILL). 100% 
(2) Joints of transverse plating overhead welding..................... 80% 
(3) Joints of transverse plating vertical welding....................... 85% 
(Gy iomistor transverse plating tat weldumer) ear ner erace ee) onic. oy 90% 


(5) All joints in compression 100% efficiency. 


It was decided to abandon the customary shift of butts in shell plating and to run all 
the plating transversely, except the major longitudinal strength members; namely, the shear 
strake, deck stringer plates, bilge strake and keel. Scantlings of these longitudinal strength 
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members were increased to permit of them taking a greater part of the stresses than is at 
present customary. The scantlings of the transverse plates were slightly reduced. Trans- 
verse plating, including all connections thereto, frames, floors, deck beams, etc., were de- 
signed so that they could be prepared in the shop and delivered to the ship in complete units, 
ready for connection to the adjoining plating. 

In a 6-foot length (6 feet being the width of plate suggested) there are six transverse 
parts of the hull to be set in position: namely, port and starboard outer and inner bottoms, 
including floors; port and starboard side plating, including frames; upper deck; lower deck, 
including beams. The longitudinals were also designed to be lifted in large sections so 
that in, say, a 30-foot length there would be 10 sections to place in position; namely, 2 
sheer strakes, 4 stringer plates, 2 bilge plates, 1 center girder and keel, 1 rider plate. 

The method of construction proposed consisted of a header to travel on rail tracks, 
placed lengthwise of the slip, the construction to commence from the after end and to pro- 
gress in specific stages, regulated by the time required for entirely completing one 6-foct sec- 
tion of the hull. On the header being moved back the six transverse lifts are to be placed in 
position by the cranes provided for the purpose on the top of the header. Clamping and 
securing devices provided on the header are then applied to secure and regulate the sections 
in position. 

The welders, who operated on staging or platforms carried on the header, are provided 
with the necessary current by apparatus placed in the header. The necessary stores, tool- 
shops, etc., are also located in the header. 

The object of this method of construction is :— 

1. To enable a large part of the work to be prepared in the shop. 

2. To enable the assembling in the ship to be done with a small number of pieces. 

3. To enable the work to be laid off in such a way that each day will have its specific 
task and that the entire hull construction gang will be under the immediate eye of the fore- 
man in charge; the header only moving backwards upon the section being, as far as the hull 
is concerned, completed. 

4. To enable the fitting of machinery, equipment, etc., to proceed at the same time as 
the hull construction. 

As soon as the few after sections are completed the engineers could get ahead with the 
fitting of the stern tube, shafting, propeller, etc., and with the fitting of steering gear, 
winches, etc. When the hull construction has’ been completed up to the forward end of 
the engine-room the engines can be placed in position, and in a similar manner, when the 
construction is completed up to the forward end of the boiler-room, the boilers can be placed 
in position. The work of installing auxiliaries and connecting up the machinery can proceed 
and be completed by the time the hull construction has reached the stem. 

In like manner, carpenters, joiners, pipe-fitters, etc., can proceed with their work, the 
object being to launch the vessel, complete in every respect, immediately the last rivet is 
driven in the stem. 

The most radical suggestion in this design is, of course, the abandoning of shift of 
butts. The practice of shifting butts seems to be a relic of old wooden ship construction, 
where the butts had no efficiency and consequently could not be placed all in one line. 

In ordinary bridge construction the major stresses are taken by upper and lower 
strength members, connected with diagonal or other bracing. In a like manner it would be 
possible to design a ship with sufficient strength in the bilge strakes, keel and two upper cor- 
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ners to withstand all the longitudinal stresses and making suitable connections between these 
members with diagonal bracing. 

We have, however, in a ship also to consider water pressure, which means plating. A 
ship might be designed with transverse joints made sufficiently flexible in a longitudinal di- 
rection to assure the entire longitudinal stresses being borne by the strength members. Such 
a ship, however, would naturally require increased material. The design proposed con- 
templates stressing this intermediate transverse plating to an amount proportionate to the 
joint efficiency. 

I have for some years considered the possibility of building riveted ships along the lines 
proposed in this welded-ship design, and find it possible to design such a ship with riveted 
connections without increasing the hull weight. In a welded-ship design we have been able 
to show a substantial saving in weight, approaching 20 per cent of the total hull steel in a 
9,000-ton dead-weight *tween deck cargo vessel of the ordinary three-island type. 

The main savings in the design due to welding consist of :— 

1. Reduction in overlaps by using butt connections. 

2. Reduction in angle flanges due to connecting the web of frame, beams, etc., to the 
plating at right angles by welding. 

3. The saving of rivet heads. 

4. Reduction in scantlings due to increased joint efficiency. 

The efficiency of the joints is by far the most important factor and upon this depends the 
future of the welded ship. It is, therefore, most encouraging to know of the excellent work 
being done by the members of the Emergency Fleet Corporation, Electric Welding Commit- 
tee, and by Lloyd’s Committee, which encourages the prediction that in the near future weld- 
ing in some form will be the connecting medium used in ship construction. 


Mr. W. L. Merritx, Visitor (Communicated) :—In connection with Mr. Cox’s very 
instructive paper on welding and training of welders, I wish to emphasize the importance of 
training welders not only for ship work, but for any other class of arc welding. 

There have been in the past too many failures of the arc-welding process in the indus- 
trial field, due to the supposition that the welding apparatus and electrodes did the welding. 
This is far from true: In the enthusiasm of manufacturers to sell welding apparatus too 
little attention has been paid, in many cases, to the importance of the operator, and even now 
I personally could not say whether successful arc welding is a trade or an art. Whichever 
it is, the man must acquire proficiency in doing the work if his work is to be successful. With 
the older trades no one would think of taking a blacksmith—that is, a good blacksmith—and 
give him a set of high-grade wood-working tools and expect him to do successful cabinet 
work at the start. Should such a condition exist, what is more natural than that at this 
first few trials he should make a failure and tell his employer that it was due to the tools 
with which he had been supplied. This is absolutely analogous of what happens in many 
cases in arc welding. I would say that, briefly, the fundamental requirements for a suc- 
cessful arc welder would be, first comparative youth. This is necessary on account of the 
steadiness which he must develop with his welding hand, and, while men past middle age 
have become good welders, it takes a great deal longer to require the “feel” and the steadi- 
ness of the muscles, and the operator is very apt to become discouraged. Second, a man 
should preferably have some previous experience in metal work, be it as blacksmith, in boiler 
shop, machine shop or what not. Third, he should have patience. 
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The art or trade of welding is possibly divided into two general classifications—that is, 
reproduction work of some simple operation, such, for example, as a flue welder in a boiler 
shop. The other classification is what is known as a general all-round welder who is com- 
petent to do any work from filling blow-holes in castings to thin metal overhead welding. 
Under the first classification it is rather easy for a man to become expert, and he need not 
be of as high a type of workman as the second class. Many women at the present time 
are very successful welders on reproduction work, although at present I do not know of any 
who might be termed general all-round welders, but assume that some will be developed in 
the future. The all-round welder, in order to be successful, must have a thorough, rigid 
training, starting with the simplest of all welding operations, striking the arc and laying 
down metal on a flat surface; from that to joining pieces, filling blow-holes, building up 
parts, to vertical weld, horizontal weld, overhead welding, welding in difficult places with 
very long electrode, and he must become proficient in all of these exercises before he is com- 
petent to do important productive work. To become an all-round welder he must develop 
that peculiar sense of intuition which satisfies him that, as his work progresses, he knows 
he is making a good weld. 

It must be borne in mind that the mask which it is necessary to wear obstructs his vision 
to a great extent. One of the final tests which a proficient welder can pass is making a 
good weld blindfolded. I do not say that this is necessary, but simply state the fact that 
a number of excellent all-round welders who have come under my observation are able to 
do it, as they say, by the feel and sound. 

In conclusion I would urge on any member who is contemplating the installation of the 
arc-welding proposition, or who has an installation he feels he is not getting the best results 
from, that the first thing he should do is to pick the necessary number of clean, energetic 
young men, and make use of one of the many training schools for welders. I would also 
urge that in doing this he be not discouraged if it takes two months or more to make his man 
proficient. After all when you consider that this is a trade or an art which, when properly 
applied, is a great benefit as a time saver and a cost reducer, even six months would not be 
unreasonable to expect a man to take to become proficient, although two or three months 
should be ample. ; 

I wish you also to bear in mind that any one can burn up electrodes, that it is no trick 
whatever to deposit metal, but that to make welds which can be relied upon is an accom- 
plishment which must be considered on a par with many other skilled trades. 


W. E. Symons, Visitor (Communicated :—Owing to the late receipt of the advance copy 
of paper on electric welding and the fact that a previous engagement prevents my attendance at 
the meeting, I have only been able to make a few hurried remarks. The paper is a valuable 
addition to engineering literature and will be of much assistance to the practical mechanic. 

I fully agree with the author as to testing welds as outlined on pages 205, 210 and 
211, and also as a firm believer in the rigid system of joining plates, and that the system 
of depositing metal outlined by Naval Constructor H. G. Knox, and recommended by the 
author, if followed, will insure against defective welds and welding. 

I am in full accord with Lloyd’s policy in their attitude toward electric welding on 
ships and ship machinery, and their requirements as to high-grade supervision and competent 
welders on the work, referred to on pages 213, 214 and 220. The suggestion to use disabled 
soldiers and women on this work is a good one. 
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Tue Presipent :—Is there any further discussion on this paper? Do you wish to add 
anything further, Mr. Cox? 


Mr. Cox:—There is nothing I wish to say. 


THE PresipENT :—The next paper is No. 14, entitled ‘““Hog Island, The Greatest Ship- 
yard in the World,” by Mr. W. H. Blood, Jr., Visitor. 


Mr. W. H. Broop, Jr. :—Mr. President and gentlemen, the hour is late and I know 
some of you want to go to Hog Island. I will simply show this. 


Mr. Blood then showed two views of Hog Island—one before, and one after the ship- 
building plant was erected. 


HOG ISLAND, THE GREATEST SHIPYARD IN THE WORLD: 


By W. H. Broop, Jr., Esg., Visitor. 


[Read at the twenty-sixth general meeting of the Society of Naval Architects and Marine Engineers, held in 
Philadelphia, November 14 and 15, 1918.] 


To fully comprehend the development, plan and scope of the Hog Island ship- 
yard, one must know the conditions which called for it and the steps which led up 
to its creation. 

On May 7, 1915, the Lusitania was torpedoed and shortly after, during the 
same year, other British steamers, the Arabic, Ancona and the Persia, to say noth- 
ing of numerous smaller vessels, belonging to the allied nations, were sent to the 
bottom. Many neutral steamers, regardless of nationality or destination, were also: 
sunk, until the total tonnage destroyed in 1915, according to British Admiralty re- 
ports, ran up to 1,800,000 deadweight tons. The record of sinkings for 1916 was 
over 2,500,000 deadweight tons, and it looked at that time as if Germany might 
continue to keep up, or possibly increase, this ratio. It was evident that the world’s 
supply of ships was fast diminishing and there arose an urgent demand that the 
United States start at once the building of a merchant marine, a thing long talked 
of but never realized. 

Congress, recognizing that such a condition existed, on September 7, 1916, 
passed an act “To establish a United States Shipping Board for the purpose of 
encouraging, developing, and creating a naval auxiliary and naval reserve and a 
merchant marine to meet the requirements of the commerce of the United States 
with its Territories and possessions and with foreign countries; to regulate car- 
riers by water engaged in the foreign and interstate commerce of the United States; 
and for other purposes.” 

Under the Emergency Shipping Fund Provision of the Urgent Deficiencies 
Appropriation Act, approved June 30, 1917, the President was, among other things, 
empowered “to place an order with any person for such ships or material as the 
necessities of the Government, * * * may require during the period of the 
war and which are of the nature, kind, and quantity usually produced or capable 
of being produced by such person.” The President was also authorized to exer- 
cise the power granted to him and to expend the money appropriated, through 
such agencies as he might determine. This power was delegated to the United 
States Shipping Board Emergency Fleet Corporation by executive order and thus 
a national organization for building merchant ships was established and the ex- 
penditure of $500,000,000 for this purpose was authorized. 

On April 6, 1917, the Declaration of War against the Imperial German Gov- 
ernment was signed by President Wilson. 
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In May, 1917, General Goethals, who was then general manager of the Emer- 
gency Fleet Corporation, discussed with the officers of the American International 
Corporation of New York the program then laid down by him of utilizing to their 
maximum all of the existing shipbuilding yards and, in addition to this, the con- 
struction of new shipyards in which several million tons of ships could be manu- 
factured faster than they had ever been produced. 

For several years prior to the war, the total output of all the yards of the 
United States only once exceeded 500,000 deadweight tons per annum, but it was 
believed that these yards could be crowded up to produce 2,000,000 tons. Still, this 
was not nearly enough, as it was figured that we needed at least 5,000,000 tons 
simply to maintain an army of 1,000,000 men in France, to say nothing of getting 
them over or of increasing the size of this expeditionary force. In other words, 
it seemed that we must have, simply to supply our own immediate needs, some 
3,000,000 tons at the very least, over and above the amount which the established 
shipyards could produce in a year, and the question was how this tonnage should be 
secured. 

It was admitted that the old methods of construction were inadequate to sup- 
ply the unprecedented demand, and it seemed that the only way to make good the 
deficiency was to build a standardized fabricated ship which could be made in quan- 
tity. This method of construction contemplated the utilization of going shops all 
over the country, in which the various parts and pieces of apparatus could be made 
and the shipyard itself could give its entire attention to the assembling of these parts 
or units. 

It was not until June 30, 1917, on which date the Urgent Deficiencies Act was 
approved, that the Emergency Fleet Corporation was in a position to act upon the 
tentative plan submitted by the American International Corporation, and, due to 
changes in the personnel of the Emergency Fleet Corporation and for various other 
reasons, the execution of this contract was deferred until September 13, 1917. 

The plan, as it had been outlined by the officials of the American International 
_ Corporation, was the construction of a mammoth ship assembling yard and the build- 
ing of numerous ships, all of the same design. In other words, the scheme was to 
build a very large manufacturing plant and then to undertake the quantity or “mass 
production,” as our English friends call it, of one type of standardized, fabricated 
ships. 

This meant the design of a simple ship, one in which the plates, sections, 
angles, etc., could be punched and fashioned in the structural steel and bridge shops, 
for these were the only steel working plants available. The “fabricated ship” was not 
a new idea, nor was it developed over night, but, as a matter of fact, the germ lay 
in embryo form for years and only the national crisis caused it to be hatched full 
fledged to meet the sudden exigency. 

Many of the old shipbuilders ridiculed the plan of the American International 
Corporation, saying that the scheme was impracticable, that the shipyard was too 
large and that the plates punched and bent in so many different shops would not fit. 
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None of those “old-timers” had ever been able to get an order to build a large num- 
ber of ships all of one design, and the scheme had never been fully tried out and 
was therefore something of an experiment. 

The officers of the American International Corporation, however, due to their 
experience in the operation of the New York Shipbuilding Corporation at Camden, 
N. J., where the parts of the ships were “fabricated” in their own yard, believed 
that it could be done and offered to construct a new shipyard in which 50 ships 
could be built at one time and where a proportionate number could be outfitted at 
the same time. To build a shipyard with 50 ways was an audacious undertaking, 
for it was nearly ten times as big as the ordinary shipyard in this country and 
nearly one-quarter as large as all of the shipyards in Great Britain combined, the 
reputed capacity of that historic shipbuilding country being only 209 ways. 

It was believed that the American International Corporation was better able to 
undertake this colossal job than any other organization in the country, for the men 
at the head of it were courageous, were familiar with big affairs, and were willing 
to stake their established reputations that it could be done. In the first place, the 
American International Corporation could of itself control sufficient capital to put 
through almost any enterprise, regardless of its size. It had a capitalization of 
$50,000,000 and, besides this, a strong financial backing. Secondly, it could secure 
the services of the engineering and construction organization of Stone & Webster, 
inasmuch as Mr. Charles A. Stone, president of the American International Corpor- 
ation, was the senior partner of the firm of Stone & Webster. This organization had 
been for many years a leader in executing large engineering and construction un- 
dertakings. Thirdly, it could also supply the shipbuilding talent of the New York 
Shipbuilding Corporation, for the controlling interest in this company had been 
bought by the American International Corporation, and it was well recognized that 
it had one of the best developed shipbuilding plants in the country. 

The American International Corporation offered to build the shipyard at cost. 
Its offer was accepted, and it has done better than this: it has not only built a plant 
costing over $50,000,000 for which it has received no fee whatsoever, but it has put 
up $1,700,000 of its own money to purchase the land and has paid out of its own 
pocket all of its overhead expenses. 

The scheme to build a shipyard five or six times as large as the largest in the 
country and to assemble or manufacture ships as automobiles are manufactured was 
a bold one. There were no precedents to follow, much pioneering work had to be 
done, and many engineering guesses had to be made. There was no time to make 
complete plans in advance, but the work had to be started at once, and the develop- 
ment of the plans had to be made as the construction proceeded. “Speed” was the 
essence of the contract and has been the guiding motive from start to finish. The 
importance of getting the yard finished at the earliest possible moment is perhaps 
best realized when one considers that the commercial rental value of the 180 ships 
under contract, at rates fixed by the Chartering Committee of the United States 


246 HOG ISLAND, THE GREATEST SHIPYARD IN THE WORLD. 


Shipping Board, is $460,000 per day, or nearly $14,000,000 per month, to say noth- 
ing of their value as a factor in determining the duration of the war. 

By a fortunate coincidence, a company affiliated with the American Interna- 
tional Corporation had for months been considering the development of a large 
port terminal, and in their investigations they had studied every available water 
front property of any considerable size between Boston, Mass., and Baltimore, Md. ; 
knew the location of each of these, the prices for which they could be bought and 
many of the physical facts surrounding them. All of this valuable data was immedi- 
ately available when the contract was signed. The locations between Boston and 
New York were promptly eliminated because it was obvious that any yard built in 
that territory would be dependent on one single railroad, which was then already 
overburdened. Locations directly around New York could not well be considered 
because other shipyards already established in that neighborhood needed all the men 
they could get. The most desirable location which presented itself, after eliminating 
the others one by one, was the tract of land near Philadelphia, on the Delaware 
River, called Hog Island. The arguments in favor of accepting this location were 
as follows :— 

First, the tract of land contained 846 acres, nearly level, entirely vacant, and 
could be acquired by purchase from one individual and at a reasonable price. 

Second, it was on deep water, for the Delaware River has a 35-foot channel 
directly in front of Hog Island, which runs to the sea. 

Third, it was inland, away from enemy attack, being practically 100 miles up the 
river from the Delaware breakwater. 

Fourth, it was on fresh water, for, while there is a tide of some 5 or 6 feet, the 
water is not even brackish. 

Fifth, it was near a large industrial city, from which labor could be drawn and 
in which some housing facilities could be obtained. 

Sixth, it was so located that direct connections could be made with three of the 
large railroad systems—the Pennsylvania Railroad, the Philadelphia and Reading 
Railroad, and the Baltimore & Ohio Railroad. 

Seventh, it was the nearest available point on tidewater to the steel mills and 
fabricating shops of Pennsylvania and of the Middle West. 

Eighth, it was possible to secure from an already established power plant the 
electric energy needed to run the shipyard. 

In attempting to write a history of the development of Hog Island, it is an 
almost impossible task to describe chronologically the steps which took place, espe- 
cially as conditions changed almost daily and as engineering and construction pro- 
ceeded hand in hand. 

The first sketch of the yard is like the ultimate development in only one par- 
ticular—they both contemplated building fifty shipways. A good sized shipyard 
in pre-war days contained five or six ways, and this seemed to be a workable unit. 
It was desired to turn out in this new yard a million and a half deadweight tons 
per year, and it was thought that, when the yard was under full swing, four ships 
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per way could be built each year. The conclusion, therefore, was reached that fifty 
ways, operated in ten groups of five ways each, would be adequate and workable. 

The experience of the New York Shipbuilding Corporation indicated that it 
required only about half as long to outfit a boat as to get it ready for launching— 
this ratio of course being more or less flexible—so that to have ample room for 
outfitting, a wet basin with seven piers, each 1,000 feet long and accommodating 
four ships, or a total of twenty-eight, was planned and a general utility pier be- 
tween the ways and the outfitting piers was decided to be advisable. 

It was expected at the outset that Hog Island would build a vessel of only one 
type, this being the 7,500-ton, 1114-knot cargo ship, 400 feet long and 54 feet wide, 
and the original plans and estimates were made on this basis, but the second order 
for ships given the corporation was for an 8,o00-ton, 15-knot combined troop and 
cargo ship, 450 feet long, 58 feet wide. This change made many alterations in 
plans necessary, added much to the cost, and prolonged the time of completion of 
the yard. 

Looking at the plan of the yard as it is now being constructed, the track lay- 
out excites interest, and a study of it shows its simplicity. As ships were to be 
manufactured in quantity rather than built singly, it was evident that adequate 
storage space must be provided for piling up plates, sections and other parts so 
that they would be ready for immediate use. The plan of storage adopted was 
that of piling together all plates of the same kind or number, and it was hoped 
that material for twenty-five boats might always be “in stock’ so that the manu- 
facture of ships might go on uninterruptedly, and the storage space was laid out 
on this basis. Unfortunately, however, this ideal has never been reached, for while 
there are sizeable piles of some material, the stock of other shapes is still small. 

The loaded freight cars come in on a branch of the Pennsylvania Railroad at 
the northwestern end of the yard from one of the three trunk lines, and enter the 
main classification yard, where they are sorted out. “These cars then discharge the 
steel in one of the two main storage yards, that for the “A” or 7,500-ton boats goes 
to the “A” yard and that for the “B” or 8,000-ton boats goes to the “B” yard. 
Each shipway, it will be noticed, has a track running down its full length, and each 
outfitting pier has two tracks on it. Tracks are also carried to each of the ware- 
houses and to all the shops. Then there are also two smaller yards, called the 
“C” and “D” yards, which are primarily for the storage of material other than 
steel. The total standard gauge track within the shipyard aggregates 80 miles, 
and the company operates 450 of its own cars, as well as 20 locomotives and 70 
locomotive cranes. 

A casual observer of the plan of the track layout might criticise the “neck of 
the bottle” which appears between the “A” and “B” yards. The answer to this 
criticism is that, while provision has been made for additional tracks at this point, 
the actual operation thus far shows that they are not needed. It will also be noted 
that each warehouse and each outfitting pier has a roadway on which materials 
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can be handled by truck. The total roadways within the plant aggregate 18 miles 
and motor-driven vehicles are used exclusively. 

It was stated earlier in this paper that the fifty shipways are divided into ten 
groups of five each. ° As a matter of fact, each five ways are operated as indepen- 
dent shipyards, and each yard has its own administration building, service building 
and tool building. Each way is provided with four steel towers or derricks, and 
each derrick has two wooden booms, so that there are eight “hooks” per ship, 
a total of 440. This system of handling material was decided upon because of the 
difficulties of obtaining an adequate number of traveling cranes with the necessary 
steel for supporting them. The towers took much less steel, and wooden booms 
were easily and quickly constructed. 

Forty of the shipways are on wooden pile foundations, while ten are concrete 
ways, erected on concrete piles. The use of concrete gave a diversity factor in 
construction material and made an admirable fire break in the mile and a quarter 
of ways. 

Between each of the yards there is an air compressor plant, serving two 
yards, but the supply piping is so connected through the entire shipyard that any 
individual compressor plant may be by-passed in case of accident. The outfitting 
piers also have two compressor plants. The total capacity of these plants together 
is 75,000 cubic feet of air per minute, which makes it the second largest compressor 
installation in the world, the one at the Rand Mines in South Africa alone surpass- 
ing it. 

Directly back of the ways buildings and also at the head of the outfitting 
piers are numerous warehouses in which the lighter, fragile and perishable mate- 
rial is stored. These are one-story buildings and they are each divided into four 
sections by fire-walls, thus minimizing the conflagration hazard. In addition to 
this, there is nearing completion a large, four-story concrete warehouse, the floor 
area of which is 400 feet by 172 feet. 

Directly in the center of the plant is the group of executive buildings, the 
principal one of these being the administration building, which houses the presi- 
dent and several vice-presidents and their assistants, the accounting organization, 
purchasing department and, besides this, the local representatives of the Emergency 
Fleet Corporation, who are in direct supervision of the Hog Island plant for the 
Government. 

The adjoining building, originally designated as the engineers’ building, is 
now called the ship administration building. This contains the engineers and the 
large draughting force. Next in order comes a central garage and then the em- 
ployment building. The employment department at Hog Island is called the Indus- 
trial Relations Department, as the organization has to do not only with the employ- 
ment of the men but also their welfare and housing. Admission to the employ- 
ment department is made possible through a special gate, where no passes are re- 
quired. All other gates at the yard ed a special pass or identification tag 
before anyone can enter. 
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Directly opposite the administration building is a cafeteria, in which light 
luncheons are served to the clerks, foremen and any others who may wish to eat 
there. Across the street from the ship administration building is located one of 
the best first-aid hospitals in the country. It is manned by an efficient staff of 
doctors and nurses. It has an operating room, a first-aid room, a modern X-ray 
outfit, a ward with twenty beds, a dentist’s chair, which is in operation 24 hours 
a day, and four motor-driven ambulances. There is also in this same group of 
buildings a fireproof telephone plant, which contains a 22-position switchboard and 
maintains connections with 2,000 stations scattered throughout the island, this 
plant being equivalent to that used in an ordinary city of 50,000 population. Ad- 
joining the telephone building is the fireproof reenforced concrete records build- 
ing. In it all the operating records are kept and the Powers card record system 
of following all shipments from the time they leave the factory to the time they are 
placed in position on the ship. Besides the above, there is a guards’ barracks, 
which houses 200 of the guards and also contains a room in which a district mag- 
istrate holds court each day. Adjoining this is a small jail. A fireproof brick 
“bank” building, so called, is also found in this group. It is primarily a depos- 
itory for the pay-roll funds and was found necessary as all employees are paid off 
in cash each week. In this group, as in all of the other groups of buildings, there 
is a local central heating plant, which furnishes steam to all the buildings by means 
of insulated overhead pipes. \ 

Perhaps next of importance are the shop buildings. They are located toward 
the eastern end of the yard, near the “A”’ storage yard and back of the shipways. 
As we approach the shops from the west, we first reach the air tool shop, which 
is devoted entirely to keeping in repair the 6,500 air tools—triveters, reamers, 
drills, grinders, ete—which are used on the job. Next come the galvanizing and 
pipe shops and then two machine shops. The largest building in the plant is the 
plate and angle shop, which is 638 feet by 223 feet. This is arranged with three 
bays, each bay having two traveling cranes. It is equipped with furnaces and 
bending tables, rolls, punches, shears, etc. Next is the template shop, which needs 
no particular explanation except the statement that, when building fabricated ships, 
templates have to be made for every piece of steel entering the ship. The plate 
and angle correction shop, as its name would imply, was erected more or less as an 
emergency shop to take care of errors and omissions in fabricating and to act as 
an insurance against fires, strikes or losses in shipment, which might delay deliv- 
eries from outside shops. 

The shop plant at Hog Island is comparatively small, as more than 95 per cent 
of all the material entering the ships is being fabricated in outside shops. ‘There 
are a few plates which are being taken care of in the plate and angle shop. There 
are smith shops in the group, one for solid work and another for miscellaneous 
smith work. | 

Besides the buildings already mentioned are two structures called the ship 

foundation template buildings. In one of these the complete power plant for the 
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“A” boat has been erected, consisting of three Babcock & Willcox boilers, a 2,500 
horse-power General Electric (Curtis) geared turbine, with its heater, pumps, con- 
densers and other auxiliaries. This installation was made for the purpose of in- 
structing the installation crews, students and others, and to make sure that all the 
calculations and measurements of the engineers and draughtsmen had been prop- 
erly made. In like manner the other ship foundation template building contains a 
“B” installation, consisting of six Babcock & Willcox boilers, a 6,000 horse-power 
General Electric (Curtis) turbine, and the auxiliaries. This entire group of build- 
ings is also heated from a local, central heating plant. 

Outside the yard are the living quarters. Here there are barracks for 6,000 
men. Each building is a two-story structure and houses 100 men in eight separate 
wards. These compare most favorably with the army barracks. There is a sec- 
ond guard barracks here which accommodates 200 guards. (A third one is located 
in the extreme eastern end of the yard.) 

The hotel, used principally by the officials, heads of departments, chief assis- 
tants and guests, is modern in every respect, and good meals are served here at 
cost. One of the four fire stations is located here. The department contains 100 
men and 16 motor-driven pieces of apparatus. The other three fire stations are 
located at strategic points within the yard. 

There are two large temporary mess halls near the barracks, but these have 
been practically discontinued as now the workmen are fed in the service buildings 
near the ways. During the construction period some 13,000 meals were served 
daily in these mess halls at 30 cents each. In all, there are at present fourteen 
eating places on the island, beside the large cafeteria and hotel. 

A Young Men’s Christian Association building completes the living section of 
the plant. Its auditorium seats 2,000. It also contains a large gymnasium, twelve 
billiard tables, locker rooms, shower baths, besides numerous class-rooms on the 
second floor. These buildings are all heated from a local central plant. 

As Hog Island is outside of the limits of the city of Philadelphia, it was nec- 
essary to establish its own local utilities. A domestic water plant, taking water 
from the Delaware River, together with a filtration and treatment plant, was in- 
stalled. To distribute this drinking water through the island requires 120,000 feet 
of piping. A high-pressure piping system for sanitary and fire purposes also covers 
the island. This requires 90,000 feet of pipe, and raw water is furnished from 
three motor-driven pumping plants. The ordinary operating pressure is 80 pounds, 
but on the outbreak of a fire it is run up to 200 pounds. There are 260 fire hydrants 
systematically located. A complete sewerage system has been put in with two Im- 
hoff tanks and necessary sludge beds. Sewer lines dre 73,000 feet in length, and 
the capacity of the system is ample for a population of 35,000. Electric power is. 
used throughout the yard. The current, purchased from the local company, comes 
in over a steel tower transmission line at 66,000 volts and goes to a sub-station 
near the center of the yard. The capacity of this sub-station is 30,000 KVA of 
which 6,000 is reserve, and the connected load is something over 40,000 horse-power. 
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The various electric systems require about 3,000,000 feet of cable, all of which has 
been placed underground. There are 900 motors in the yard, ranging from 1/30 
horse-power to 1,000 horse-power in size. The yard, especially around the ships, 
is well lighted with flood lights and otherwise. Eighty thousand lamps of all kinds 
are in use here. 

There are two fuel oil tanks, each holding 100,000 gallons, from which pipes 
are run to the principal shops where the fuel is used in the furnaces. The present 
consumption is about 1,200 gallons per day. 

To get to Hog Island during the construction period was difficult, as there was 
no regular transportation to the yard. The nearest lines were a mile away, while 
others were a mile and a half off. At the present time these difficulties have been 
removed, as a physical connection has been made with the steam lines and a large 
loop established within the yard, having three stations, each about half a mile apart. 
Service is furnished by ten trains, carrying from ten to fourteen cars each. An 
extension of the Philadelphia Rapid Transit Company now furnishes excellent 
trolley service direct to the island, and connection is thus furnished with all the 
lines of this company throughout Philadelphia. The Philadelphia and Southwestern 
Company, an independent line, also cares for a few thousand men who live in the 
southern section of Philadelphia. Two large steamboats also run from the wharf 
at way No. to direct to the foot of Chestnut Street, Philadelphia, and one runs 
across the river to Billingsport, New Jersey. 

The force at the island at the present time is about 30,000, one-half of whom 
are at work on the ships, some 9,000 are on operation or maintenance of the plant, 
and 6,000 are still on yard construction. The yard, however, is practically finished, 
and when the manufacturing of ships is at its height the total force will run between 
30,000 and 35,000. The weekly pay-roll is now about $1,000,000. Standard union 
wages are paid on construction work, and the ship workers are paid on the basis 
established by the so-called “Macy Wage Adjustment Board.” There is some piece 
work and this will be extended as the work progresses. 

On September 13, 1917, the date on which the contract was signed, Hog Island 
was a desolate waste. One week later construction began and went on continu- 
ously throughout the winter, so that on February 12, 1918, the first keel was laid 
and on August 5th the first ship was launched and at this date, October 5th, there are 
4o other ships under construction and three at the outfitting piers. 

As one looks at the shipyard, practically completed in eleven months, it is hard 
to realize the difficulties encountered in making it a possibility. Last winter was 
the coldest on record in Philadelphia, and the frost got into the ground to a depth 
of 42 inches as compared with 24 inches in an ordinary winter, so that it had to 
be blasted out with dynamite or thawed out with live steam before the piles could 
be driven. The thermometer for two months was below freezing point most of 
the time, and on several nights it went below zero and there was no shelter from 
the wind which swept across the island. The trenches were continually full of 
water and ice and, as a matter of fact, hundreds of men had their feet, hands and 
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ears frozen. It took on an average an hour and a half to get to Hog Island, or 
three hours each day was spent by most of the men on the cars during the short 
winter days. The wonder is that during this cold weather any work was accom- 
plished. 

The labor turn-over during these trying months was of course high, but, as 
winter moderated and transportation improved, it decreased, so that at the present 
time the turn-over is only about 35 per cent per month. This is of course decid- 
edly higher than it should be, but it is simply typical of what is going on all over 
the country. Even the best of conditions do not prevent the laborers from mi- 
grating. The executives, and in fact the entire office staff, worked with the great- 
est enthusiasm for uncounted hours during the early days and until they were 
branded as “thieves, profiteers and grafters,” when the spirit broke down and the 
morale of the organization came near going to pieces. 

Little by little, however, as the work progressed, as the yard neared comple- 
tion and as ships began to take shape and finally the launchings began, criticism 
has died away and now unbounded praise has taken its place. The esprit de corps 
has come back and everyone is now doing his best. The organization is complete, 
the entire enterprise is functioning properly and ships will be manufactured at 
an unheard of rate—from two to three each week. This is the program which 
was outlined at the start and it will be lived up to. Already three have been launched 
and are lying at the outfitting piers, where they are fast nearing completion. There 
are four 35-ton gantry cranes installed on each outfitting pier and a 100-ton bridge 
crane has been installed, under which any of the ships can ride with masts in place. 
The outfitting piers are 1,000 feet long and 100 feet wide and, by dredging out 
some 6,000,000 cubic yards, a 23-foot depth of water is being secured. 

The plant is now in condition to turn out a million and a half deadweight tons 
of ships per year and, as one of the engineers on the job has said, “It would be no 
trick at all to get out two million deadweight tons if we could be assured of the 
steel and the other supplies necessary.” 

This million and a half tons of ships calls for half a million tons of steel, for 
90,000,000 rivets, for 570 boilers, for 700,000 horse-power of steam turbines, and 
this material must all come in regular order and in an established sequence. It 
can’t be done, our critics still say, but it is being done. The capacity of the yard at 
the present time does not depend on the yard itself, but on the shops elsewhere from 
which it draws its supplies. All the steel plants in the country are being taxed to 
their utmost, but it is believed that American ingenuity, American enterprise and 
American push, together with American loyalty, will solve all these difficulties, and 
that this fleet of 180 ships will be completed and turned over to the Government 
faster than a like number of ships has been built in the history of the world. 
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DISCUSSION. 


THE PRESIDENT :—I am sure we are indebted to Mr. Blood for this paper. If there is 
no discussion, I will extend to Mr. Blood, on your behalf, the thanks of the Society. 

Gentlemen, my term of office is nearly over, but before leaving this part of my closing 
work I wish to present to you the President-elect, Admiral Washington Lee Caps. (Loud 
applause. ) 


PRESIDENT-ELEct Capps:—Gentlemen, the purpose for which I came to the platform 
was not to receive your acclaim, grateful though it may be. It is a far more important pur- 
pose, but, before proceeding, will you please permit me to express my very great appreciation 
of the honor which you conferred upon me yesterday? Having, with Commander Taylor, 
been associated with the Society from its infancy, you can easily imagine what a very great 
and profound satisfaction it is to me to be honored with the highest office in your gift on the 
twenty-fifth anniversary of the creation of the Society. All I need or can say further in 
that respect is that I shall do my utmost, with your hearty cooperation, to give to the Society 
as nearly as possible a continuance of that fine direction which has been given by my prede- 
cessors. We have been twenty-five years in existence and have had only four presidents, and 
I think a great part of our success is unquestionably due to the comparatively long period that 
our principal executives have remained in office. 

The particular purpose for which I have relieved the chairman temporarily is to make a 
motion which he cannot appropriately put while chairman. He is now about to complete a 
second period of service of three years as your president. During an intervening period he 
_ also bore a large part of the burden of the direction of the affairs of the Society, due to the 
illness of the incumbent, Colonel Thompson. From the very inception of the Society he has 
shown an interest and a fine direction which has, in large part, made possible the success 
which has attended our efforts. 

The hour is late, and I should undoubtedly be doing the correct thing if I followed dis- 
tinguished legislative precedent and asked “leave to print.” But it is not necessary to in- 
dulge in any extended eulogium of President Taylor by reciting his services. You know 
about them almost as well as I do, and it is one of the greatest privileges that I have, in 
offering you an opportunity to make fitting avowal of the esteem in which you regard him. 
But before doing that formally, I will return to parliamentary procedure, and give to my 
colleague, Vice-President H. D. Goulder, the opportunity of seconding such a motion. 


Mr. H. D. Goutper, Vice-President:—Mr. President and gentlemen, I am very happy 
to second a vote of thanks to our retiring president. I do not know that you technical 
gentlemen consider how much you are being appreciated for the wonderful work that you 
are doing. And now, when somebody tried to stop the clock of history and we have got to 
start over and regulate it, does anyone connected with the Society fully realize the value 
to this country of the work done by Clement A. Griscom and by Stevenson Taylor, and the 
work to be done now, because this Society of Naval Architects and Marine Engineers is 
going to be, and is—but is going to be more so—a tremendous factor, and it is going to be 
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more respected and more influential because of the work which Mr. Stevenson Taylor has 
done. I now second the motion for a very hearty expression of esteem to Mr. Stevenson 
Taylor, on behalf of the Society, and I think I can go further and say that many people 
will appreciate that the Society, in giving that expression, honors itself. 


PRESIDENT-ELECT Capps:—Gentlemen, you have heard the motion. I ask you to rise 
and give expression to your feelings just as strongly as you see fit. 


The entire assemblage rose and gave three rousing cheers to Mr. Stevenson Taylor. 


PRESIDENT TAyLor:—Gentlemen, I thought I had made a real farewell speech six years 
ago, but the members of the Society seemed to demand that I should take the second term 
now drawing to its close. 

I do not know how it is possible for me to express to you my appreciation of the many 
honors that you have conferred upon me. I now surrender this office with some sense of 
relief, but I would be unjust to myself did I not endeavor to say to you what a great pleasure 
I have had in serving as your president. This pleasure has been brought about in a very 
great measure by the hearty cooperation of every member of the Council, the past presidents, 
the vice-presidents, the honorary vice-presidents, the secretaries and treasurers, as’ well as 
the members-at-large. 

In looking back on the last ten years, during which I have been honored by your confi- 
dence and support, I recall that 1 have served you for two terms of three years each, and, as 
Admiral Capps said, most of the term during the interim when Colonel Thompson was presi- 
dent; and also during the last year of the term of Admiral Bowles, while he was absent in 
Europe and South America. It is an experience of great satisfaction to me to know how well 
you have all seconded my efforts for the advancement of the Society. 

I sincerely thank you, gentlemen. That phrase of Hamlet comes to my mind—‘Beggar 
that I am, I am even poor in thanks, but I thank you.” (Applause. ) 

I wish to call attention to the fact that you should register at the Gold Room Head- 
quarters in the Bellevue-Stratford, so that you may take such excursions as you choose. 

In relation to the banquet, to which we are refusing any further subscriptions on ac- 
count of having sufficient to entirely fill the hall, I promise you a very interesting evening. 
The local committee has been especially active, and has done its work exceedingly well. I 
am sure that every one who attends the banquet will be pleased. 

The Secretary advises me to call the members of the Council to the front at the close of 
this meeting, just for a short session. 

The meeting is now closed. 
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GREETINGS AND RESPONSES TO AND FROM SISTER SOCIETIES 
IN GREAT BRITAIN, FRANCE AND ITALY 


CABLEGRAM 


PHILADELPHIA, Pa., U. S. A., 
November 13, 1918. 
INSTITUTE oF NavAL ARCHITECTS, 
Adelphi Place, London, England. 

American Society of Naval Architects and Marine Engineers now celebrating in Phila- 
delphia its twenty-fifth Anniversary congratulates the members of its sister society in Great 
Britain upon their brilliant achievements during the war now so gloriously ended. 

IVANTILOUR, 
President. 


Secretary, R. W. Dana. Founpep 1860. 


INSTITUTION OF NAVAL ARCHITECTS 
Incorporated by Royal Charter, toro. 


5 ADELPHI TERRACE, Lonpon, W. C. 2, 


2Ist November, 1918. 
Dear Mr. STEVENSON TAYLOR :-— 


I am desired by the president to acknowledge the receipt of your very kind telegram of 
the 17th inst., conveying the good wishes of our American friends to the Institution of 
Naval Architects, in reply to the president’s telegram of congratulation on the conclusion 
of hostilities. 

I feel sure that the Council will be very gratified to receive this expression of the good- 
will and kind feelings of the Society of Naval Architects and Marine Engineers in America 
towards their colleagues in this Institution. 

With kindest regards, 

I remain, 
Very sincerely yours, 
R. W. DANA, 


Secretary. 
STEVENSON Taytor, Eso. 
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CABLEGRAM 


November 13, 1918. 
STEVENSON Taytor, c/o Socarcheng, New York :— 


Council Institution of Naval Architects send hearty congratulations to their American 
colleagues and Allies on victorious termination of war. The links that unite our peoples 
have been firmly welded in this great struggle for liberty. 

EARL OF DURHAM, 
President. 


Secretary, R. W. DANA. Founpep 1860. 


INSTITUTION OF NAVAL ARCHITECTS . 
Incorporated by Royal Charter, 1910. 


5, ADELPHIA TERRACE, Lonpon, W. C. 2, 
14th November, 191s. 
Dear Mr. Taytor:— 
I have much pleasure in informing you that at our last meeting of the Council it was 
unanimously resolved to send the following message of congratulation to you as president of 
the Society of Naval Architects and Marine Engineers :— 


“Council Institution of Naval Architects send hearty congratulations to their 
American Colleagues and Allies on victorious termination of war. The links that 
unite our peoples have been firmly welded in this great struggle for liberty. 

“EARL OF DurHAM, President.” 


The above message was telegraphed to you yesterday and, I hope, reached you safely. 

I need not tell you how deeply we feel that the great results achieved by this war have 
been due in large measure to the complete harmony and accord that have subsisted between 
the Allies throughout the war, and to the singleness of purpose that has characterised the 
objects for which we have fought and which have now been gloriously achieved. 

I remain, 
Very cordially yours, 
R. W. DANA, 
Secretary. 

STEVENSON Taytor, Esq. 


Tue Soctety or NavaL ARCHITECTS AND MARINE ENGINEERS 
ENGINEERING SOCIETIES BUILDING 
29 West 397TH STREET. 


New York, N. Y., December 11, ror8. 
Mr. R. W. Dana, Secretary, 
Institution of Naval Architects, 
5 Adelphia Terrace, London, England. 
Dear Mr. Dana :— 
Your letter of November 14 has just reached me and your cable of congratulations to 
The Society of Naval Architects and Marine Engineers was received on the 16th of No- 
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vember, too late, I am sorry to say, to be read at the close of our meeting on November 15 
at the banquet in Philadelphia, Pa. 

We reciprocate heartily the expressions of your cable and letter and sincerely hope that 
all questions relating to the settlement of the great war will be determined with the same 
singleness of purpose that has characterized the actions of the Allies throughout the war. 

I am happy to say to you that my term as president expires on December 31 and that 
to succeed me Rear Admiral Washington L. Capps, U. S. N., has been elected. 

We had a very successful meeting on the 14th and 15th of November and have added 
the names of about 500 new members to our list. 

Assuring you of the great pleasure | had of hearing again from you personally, I am, 


with sincere regards, 
Yours truly, 


STEVENSON TAYLOR, 
President. 


CABLEGRAM 
PHILADELPHIA, Pa., November 13, 1918. 


ASSOCIATED TECHNIQUE MARITIME, 
Paris, France. 

American Society of Naval Architects and Marine Engineers now celebrating in Phila- 
delphia its twenty-fifth Anniversary congratulates the members of its sister society in France 
upon their brilliant achievements during the war now so gloriously ended. 

TAYLOR, 
President. 


Paris, 23 March, 1919. 


Mr. PRESIDENT AND DEAR COLLEAGUE: 

I received yesterday, March 22, from Mr. Hart, member of the council of L’Association 
Technique Maritime, a letter from Mr. Daniel Cox enclosing a copy of a message that you 
were kind enough to cable me on November 13, 1918, the twenty-fifth anniversary of the 
foundation of the Society of Naval Architects and Marine Engineers. 

This message contains felicitations for which we are deeply grateful concerning the 
part taken by the French Army in our common victory. 

During November, 1918, I was in the country a short distance from the American 
camp in front of Cherbourg. I have a great admiration for your superb soldiers and I 
consider that you have returned a hundred-fold the aid extended to the United States of 
America in its infancy by Lafayette and Rochambeau. Your appreciation of our aid has 
been shown after an interval of one hundred and thirty years—the appreciation of France 
in the same manner should extend over a period of thirteen hundred years. We will) not 
be found wanting. 
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I am not unmindful of the date on which you sent to us your cordial message—the 
anniversary of the Society of Naval Architects and Marine Engineers—and I wish to thank 
you in the name of our Society and to extend our felicitations for the happy development 
of your Society and my. best wishes for the continuance of its prosperity. 

Believe me, Mr. President and dear colleague, 

Your sincere friend, 
L. BERTIN. 


Congratulations also for the magnificent development of vessel construction in the 
United States. 


THe Society oF Navat ARCHITECTS AND MarInE ENGINEERS 
ENGINEERING SOCIETIES BUILDING 
29 West 39TH STREET. 


New York, N. Y., November 27, 1918. 
Mr. N. SoLiAnt, 


Gio Ausaldo & Co., 
Sestre Ponente, Italy. 
Dear Str:—At the recent meeting of the Society, instructions were given me to send 
the following cablegram to the Italian Society of Naval Architects: 


“American Society of Naval Architects and Marine Engineers now celebrat- 
ing in Philadelphia its twenty-fifth Anniversary congratulates the members of its 
sister society in Italy upon their brilliant achievements during the war now so 
gloriously ended. 

“TAYLOR, 
ie SE ia CE President.” 


Owing to the fact that I could not ascertain the name of the Society, I endeavored to 
send the cablegram to you with the idea that you would convey the sentiments expressed 
therein to the Society in Italy. As the telegraph cables abroad were overburdened with mes- 
sages we could not send the cablegram so that it would be delivered within a reasonable time. 
I am therefore communicating its contents by letter and trust that you will place it before the 
Italian Society. 

Yours truly, 
DANIEL H. COX, 
; Secretary-Treasurer. 


APPENDIX. 259 


CoLLEGIO DEGLI INGEGNERI NavaLt E Meccanicr In ITALIA 
VraA Carto ALBERTO, N. 18 


GENovA, i 15th January, ror9. 
To THE PRESIDENT OF THE 
AMERICAN Society oF Navat ARCHITECTS AND Marine ENGINEERS, 
29 West 309th Street, New York. 
Dear Sir :— 

On the twelfth instant, at the general meeting of this Society, your noble message, 
received through Colonel Soliani, was duly communicated and was warmly welcomed and 
enthusiastically cheered. It is now my pleasant task to convey to your Society the warm 
thanks of our own for their kind and gentle greetings, and tell them how greatly appreciated 
they have been, and how reciprocated they are, as an expression of the friendly sentiments 
linking our two countries, and which the gallant sons of your great nation have brilliantly 
cemented on the Italian battlefields with the sons of Italy. 

Yours truly, 
A. SIVIBANTI, 
Propresident. 
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REPORT OF SPEECHES AT THE TWENTY-SIXTH ANNUAL DINNER OF 
THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 
HELD AT THE BELLEVUE-STRATFORD, PHILADELPHIA, NOVEMBER 
15, 1918. 


Before the service of the dinner, the divine blessing was asked by the Rev. Floyd Tomp- 
kins, D.D., and this was followed by the company singing “Praise God From Whom All 
Blessings Flow.” 

After the service of the coffee and cigars, Lieutenant Commander Stevenson Taylor, 
president of the Society, acting as toastmaster, called the company to order and said: 


Ladies and gentlemen, on this beautiful menu, the handsomest we have ever had— 
and we have had some good ones—the first in order is the president’s address. I have no 
intention of making an address, because we have secured men to be present at this banquet 
who are much better speakers. 

There are many themes that one could speak about to-night, but I dare not venture 
on more than one. Four and one-quarter years ago a great empire,—an empire so great 
and one that had progressed so much in the previous twenty-five years that I feel warranted 
in saying that had they been allowed to continue along the lines of science, trade, com- 
merce, and maritime development, they could have had the world by the throat; but this 
same empire, populated by the greatest egotists of the world and led by the greatest military 
egotistical government of the world, were not satisfied. They took advantage of a quarrel 
between one of their own vassals and a minor kingdom, tore into pieces treaties as scraps 
of paper, and started a debauching march through the innocent kingdom of Belgium and 
down into the innocent republic of France, showing their contempt of the Christian world 
as they went along, by taking Gott in partnership with them, not our God, but their own 
tribal god. i 

They showed contempt, also, for the great republic of the United States of America. 
They had debauched Belgium, they had debauched France, they sank ships with our peo- 
ple on board, they did everything that was frightful—violating every law of humanity— 
until finally they drove the United States of America into the war just a year and a half 
ago, and now the great empire has fallen. Their leaders, like yellow dogs, have fled from 
their fate, and their people are now begging for bread. 

“How have the mighty fallen’—a greater fall was never known in history, and, praise 
God, I do not believe there will ever another one be known of the same kind. (Applause. ) 
The people of Germany are asking for bread, and when we think of what the people and the 
government of Germany have done we are tempted to say:—‘“You shall have no bread.” 
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But there is not a man in this audience who would see a person starve, even if he were the 
greatest criminal. We must be merciful, but we must reverse the usual order of things; 
we must temper our mercy with justice (applause), a justice so complete that never again 
so long as this old world lasts shall there be a repetition of the horrors of the last four years. 
That is the only theme on which | dare venture to speak, because I must not interfere with 
the subjects of those who will follow me. In connection with this matter of justice I wish 
to say that I did my best, aided by our good friend on my right (Secretary Daniels), to have 
with us to-night a guest to address you who would have cheered your hearts, but in reply to 
my invitation for him to be present, I have received this letter :— 


THE WHITE HOUSE 
WASHINGTON 


22 October, 1918 


My dear Mr. Taylor: 

Knowing, as I do, the very valuable services which 
the Society of Naval Architects and Marine Ingineers have 
rendered the coumtry in these days of stress, it isa 
peculiar disappointment to me that I cannot join the Society 
at its annual banquet on November 15th. I am sure that the 
members of the Society will mow that I am kept away only 
by a pressure of public duties which clearly deprives me 
of the right to seek my om pleasure. 


Cordially and sincerely yours, 


Mr. Stevenson Taylor, President, 
Society of Naval architects and YVarine Mgineers, 


66 Beaver Street, New York. 
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Tue ToasTMAsTER :—The first toast always at our banquet is—“The President of the 
United States.” 


The entire company drank the toast “To the President of the United States’ and 
joined in singing “The Star Spangled Banner.” 


? 


Tue ToAsTMASTER :—The next toast on our program is “Our Army.” Col. Samuel 
Huff, of the U. S. Army, was to have responded to this toast, but he was called to Wash- 
ington last night, word of which I received this morning, and one of the impertinent things 
I have done is to solicit a man, unprepared, without notice, to respond to this toast. When 
I introduce to you the speaker, you will realize that I was justified. It gives me great 


pleasure to present to you Judge Joseph Buffington, of Pittsburgh. 
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ADDRESS OF JUDGE BUFFINGTON. 


Mr. Toastmaster, Mr. Secretary of the Navy, ladies and gentlemen, guests and mem- 
bers of this Society, my little Scotch-Irish wife out in Pittsburgh sometimes says to me 
when I am unexpectedly called on to make an unlooked-for address: ‘‘Well, whatever else 
you do, don’t begin by apologizing.” It is a little tough, however, to be commandeered and 
stood up before this firing line and in this presence to-night. One feels a sense of responsi- 
bility in setting the keynote and being the forerunner of that brilliant galaxy of men who 
will later shoot down the oratorical toboggan and seek to entertain you as they whiz past. 
For my part, I feel somewhat like the man who had a slight domestic trouble which ended 
in a minor assault upon that treasured member of his household, his wife’s mother, and for 
which he was hailed into the police court. The wise man who presided in that august tri- 
bunal was evidently one who had troubles of his own also, for, after hearing the case and 
duly considering the provocation, he fined the assaulter $5.25. The defendant, gratified at 
the justice and moderation of the sentence, said: “Judge, I appreciate the $5 fine, and, be- 
tween ourselves, I think that is about right and that you understand the situation, but I 
don’t quite grasp the 25 cents that you have added.” “Brother,” said the judge, “that is the 
war tax on amusements.” 

Now, my friends, that volley of rapid-fire applause cheers me immensely. It is a hard 
thing for a stranger to try out a story on a strange audience and have no one catch on until 
the second section comes along, but you chaps have caught on to the first section, so I may 
try another. But, really, you know, without making any apologies, to get a man up and 
commandeer ‘him here to speak for the Army in the presence of the Navy—why, I feel just 
about like one of those Scotch-Irish preachers whom I am encouraged to tell you about— 
and by way of parenthesis I might say just here that you had better prize the religious mat- 
ter that comes in on the early part of the toboggan program, for as I look down the roster 
and see that it ends with Schwab, I am satisfied the religious and spiritual part may reach 
the depths of ebb tide when C. M. wades in. 

But to digress from Schwab to the two Scotch preachers. I feel like one of them—I 
mean one of the preachers, not Mr. Schwab—as I stand here to-night. These clericals got to 
discussing—Dr. Tompkins, I am glad to see you so deeply interested in this information 
about the clergy, I beg of you to listen carefully; it may help your flock if you will hear, 
mark, learn and inwardly digest what I have to say—well, these two Scotch dominies got 
to discussing how best to prepare sermons, and one said, “Well, now, brither, ye see my 
way is this: On Monday, of course, it’s an off day for the clargy, but Tuesday I start in 
and I jot down on paper ‘Farstly,’ and under that I put down a farst part for my dascourse, 
Wednesday I put down ‘Sacondly’ and put the sacond part of the dascourse under that cap- 
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tion. On Thorsday, I put down ‘Thordly’ and so on until I get to the end of the week, so 
when the Lord’s day comes I rise in my pulpit with a parfectly prepared dascourse.”’ To 
which orderly layout the other replied: “Aweel, mon, I dinna think much o’ yer plan.” 
“Weel,” answered the first with some asperity, “and how wad ye doit?’ “Weel, brither,” 
he replied, “the trouble wi’ yer plan is that as ye jot down the heads o’ yer dascourse, the deil 
is just as busy as the reverend clargy, and I ween he is looking o’er yer shoulder and he sees 
the whole matter o’ yer dascourse, so he gets busy wi’ yer congregation instanter, and when 
the Sabbath morn comes and ye mount yer pulpit the evil one has got abroad among yer 
people through the week and has discoonted all yer goin’ to say.” “Well, how do you do it, 
then,” asked the nettled parson. “Why, I use no pad. I commit nothin’ to writing and when 
I get up on the Sabbath morn the deil himsel’ don’t know what Pm goin’ to say.” Now, 
doctor, I commend this practice to you for what it is worth, remarking, of course, that it is 
only valuable in case his satanic majesty is accustomed to circulate among your parishioners. 

But to return to the speech on the Army, which I was commandeered to make and for 
which you will see I have made no such preparation as the first Scotch preacher, I don’t 
know but that it would be seemly for me to turn from the gospel to the law and follow the 
example of a lawyer who was at the country bar where I began practice. There was a lot of 
fun going on there and we had one lawyer at our bar, quite an exception to the general rule, 
I beg to say, who never would talk much to the point, but the less he had in his case the 
more he was wont to talk. We called him “old shell the woods,” for when he got a case on 
which he hadn’t a leg to stand he would wink to us as he rose to address the jury and say, 
“Well, I guess there is nothing left for me to do but to ‘shell the woods.’ ” 

Now, of course speaking for the Army, they are target hitters, bull’s-eye chaps, but if: 
they commandeer a rank and rankless outsider to speak for them the Army can’t complain if 
his projectiles drop in the depths of the forest or if, after the fashion of some other branches 
of the service, I shoot short or overtop or even sidestep the ship at which I aim. Of course, 
gentlemen, I recognize that the Army is the Army and the Navy is the Navy, but, after all, 
they are both built on the substructure of the law. Why, Mr. Secretary Daniels, even you 
could not build a ship, in fact you could not do anything in the Navy, and the Army, too, could 
do nothing, and the marines could do nothing, unless some laws were passed first. Really, 
gentlemen, seriously speaking, the lawyers are at the foundation of everything, and as long 
as there is no one here to-night to speak for the Army and you force me to speak for it and 
you compel me to speak first—put me in the shock troops, for which, thanks—because you say 
that is the proper program for the Navy host toward the Army guest—I recognize that when 
you had the dominie lead off first with the blessing that next after the gospel marches the law, 
then the Army swings in and last, but not least, if I am to trust the testimony of that great 
sailor, the Honorable Secretary of the Navy—last, but not least, trails the Navy. 

Now, gentlemen, of course, as I have made no preparation for this occasion I ought to 
stop pretty soon, but I want to tell you that when I get a chance to make a speech I generally 
make a pretty long one, and it happens that I have been kept pretty quiet by a couple of law- 
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yers who talked all day because they were well paid for talking, and to-night I have been 
sitting here next to the dominie and the admiral who just talked without pay, and alongside 
me was this fringe of shipbuilders, the whole table length, who also had some conversational 
powers verging on monopoly, and between the entire bunch there was not much margin left 
for a modest man for anything but mere absorption of other people’s ideas. But now that 
I am on my feet and have the right of way, I propose to take my own time and I want to 
tell you by way of encouragement, gentlemen, that I have at times spoken for an entire hour, 
or even an hour and a half at a time, and with such constraining power that not a single au- 
ditor has left even to make a suburban train. That is the truth; but half truths, gentlemen, 
are very dangerous, sometimes misleading, and if you were to ask Mr. Schwab for the 
whole of the truth he would tell you that when I made a speech of that character it was at 
Riverside. And Riverside is the Sing Sing for Western Pennsylvania. 

Speaking of going to the penitentiary and making speeches—I will add that I like to 
mingle with my fellow-men. I like to mingle with you business men, Mr. Secretary. I even 
like to drop around to conventions of businessmen. We have a great many conventions in 
my home town of Pittsburgh, and I might just as well add here, gentlemen, that Pittsburgh 
is the most convenient place I know of for holding conventions. It is the one and only place 
in the United States where everybody, from Boston to Richmond, and from St. Paul to St. 
Louis, can reach in a sleeping car overnight. Providence and geography, gentlemen, made 
Pittsburgh the convention city of the United States, and while I am glad this convention is 
here in Philadelphia this year, it can’t, of course, be held here next year, so I suggest that 
you come out to Pittsburgh. We are interested in the Navy out there. We contribute to 
its armor plate and to the ordinary ship plates that don’t want armor, so come out the next 
time you convene and we will show you where Mr. Schwab learned the shipbuilding busi- 
ness, when he built steel barges of such minimum draught that all the water they needed 
to run on was mountain dew. 

But returning to that “new freedom” that is in the air, and which I feel when I rise 
from the substratum babel of my seat here at the table and my companions and have the 
_ option of uncensored speech, I want to say that during the earlier part of this dinner and 
while sitting between these companions, in silence, I have stored away some things that were 
novel—almost startling. For when an admiral of the navy and a dominie of the church 
get together, there is a mixture of things spiritual and nautical which makes one regret that 
the stenographer in front of me had hot been recording the marine-heavenly converse on 
this side of the table, that, when reproduced, would have made you feel that you, as well as lis- 
tening I, had been floating round somewhere between the deep blue sea and its vis-a-vis. 
But referring to this industrious shorthand gentleman in front of me reminds me that 
his presence gives great comfort to one with a “made-on-the-spot speech”—and that is the 
privilege of issuing a revised version. Now the speeches of these other gentlemen who fol- 
low on the toboggan are already in print in the newspaper offices of the city. You can read 
them all in the morning papers and, what is wotse, not one of them can deny that he said 
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what he is reported to have said. But when it comes to my part te correct and issue a 
revised version which may possibly appear in your minutes, I can put in anything I please, 
and just here, let me suggest a word of friendly marital advice to you shipbuilders before me. 
You have to-night the ruddy glow on your cheek and the fire in your eye that evidence the 
depth of your enjoyment of the spiritual side of this evening. Don’t, my friends, when on 
some later evening at your own fireside you read the proceedings of this convention, and 
perchance this revised version—don’t, I beg of you, be betrayed into saying to your wife, “T 
never heard him say that’’; “I don’t remember this.” Such a remark may convey an im- 
pression to her of the reason why you did not this evening hear and accurately recall all you 
are now hearing. No, stick by the revised version and vouch for every word of it, and your 
wife will be satisfied that on this evening you rose to that standard of moderation which the 
observation of ages has coined into that truism, that you were “as sober as a judge.” 

I wish, gentlemen, time allowed me to tell you of these theological-nautical dissertations 
I have listened to here to-night. Of the discussion of my table companions as to whether 
it was under Secretary Daniel’s administration that Schwab built cattleships or Noah built 
battleships and whether it was Noah or Admiral Bowles who had a launching party 120 
years after he laid the keel of his craft, and which great naval architect, Piez or Noah, was 
associated with Shem and Hurley, Ham and Schwab and Japheth or Bowles, and whether 
the vessel they launched finally ran aground at Mount Ararat or Hog Island. 

But, gentlemen, as I was saying, I like to go to these conventions. I like to mingle with 
folks. I have a sort of feeling that it don’t hurt a judge to get acquainted with business 
men. I have sometimes thought that fresh air and law and a little knowledge of the com- 
mon sense of business are not bad things to lodge in the judicial cranium, so I went to this 
convention last night. I wanted, for example, to learn something of the merchant marine of 
the United States. I wanted to find out, how, after you built your ships, you were going 
to run them when you got out into the “freedom of the seas” and came across the Jap and 
the Norseman and other wage standards than our own. I went to the convention to find out 
just what you were going to do with our American cargoes when you got them to some 
point somewhere or anywhere. And about whether you were going to have some American 
traders, and American banks, and other modern conveniences of home in these foreign ports. 
I went there to learn about these things and I am still ready to learn, if anybody has got 
any information to give me. 

Then there were other momentous questions. I listened to learned and very spirited 
conversations on the momentous subject of the “load line.’ I never knew before what a 
“load line’ was. Until I went to the convention I was never conscious that there was such 
things as “load lines.” I listened to the discussion of that subject with interest. Some of 
the gentlemen I see here to-night were taking part in that discussion, and I learned a deal of 
load-line lore. They browght the question home to themselves, made it an individual, per- 
sonal matter—it took on a vital importance when they urged the necessity of an American 
registry to fix the load line. I was a good deal bewildered until they removed some screens 
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at the side of the room. But when they took these screens down and I saw that the load line— 
the American load line—the American registered load line—was sometimes measured by 
two fingers, but more often by four-finger depths, then, to paraphrase the words of the 
Psalmist, “Then understood I those things and the ways of men that go down to the seas.” 
It was most interesting to me to hear these spirited discussions, not only on the load line 
generally, but on the different lines of load, the individual, personal load line and line of 
loads, and then I grasped why we must have an American registry of each individual load 
line and apprehended that, after Admiral Bowles gets the proposition carried through, every 
one of you chaps will have a two-finger, a three-finger, or a four-finger load line which will 
allow you to carry a cargo of such fixed nicety that you need not even provide an emergency 
compartment for water ballast. 

After they got through discussing the load line they took up some other matters of vital 
importance, and something I have heard talked about somewhat called the “freedom of the 
seas.” Some daring mariners took a hand at defining this, which is a subject of effort in 
many quarters, telling just exactly and precisely what the “freedom of the seas” meant. 
Now I may say to you that there is a good deal of talk in these days about definitions of 
the “freedom of the seas’ and, being a learned judge of the admiralty myself, I have had 
some questions of that kind put to me. What is meant by the “freedom of the seas?’ Well, 
gentlemen, “speaking frankly” and using quotation marks when I say “speaking frankly,” I 
have never yet told them what “freedom of the seas” meant. It is a hard thing to define 
what “freedom of the seas’ does mean. I know that Noah had freedom of the seas, for 
there was no one abroad to interfere with it in his day and generation. But Noah, gentle- 
men, was the only navigator or trader who ever had the real freedom of the seas. He must 
have known all about it and what it was and what it was not, but you never caught Noah 
giving a definition of it and I don’t know but that he was right, for if he or any future 
navigators, even as late as twenty-five years ago, had given a definition of the “freedom of 
the seas,” his definition would not have covered the submarine, and Von Tirpitz could well 
say, “Ach, your definition doesn’t exclude the submarine and therefore the submarine is per- 
fectly lawful.” The fact is, gentlemen, I am wary of giving definitions in advance. Now 
take it in our own business. We have a word in the law called “fraud’—don’t anybody get 
scared about the mention of that subject; I assure you that I am not going to say anything 
of a personal nature—but we have a word “fraud” and for two hundred years some 
people, people who had a keen interest in the subject for various reasons—have been trying 
to get the judges to define what “fraud” was, but the judges were a little too wary to define 
“fraud,” because, gentlemen, if you ever give a chap a definition of “fraud,” then he will 
try to do something that will get a little bit outside of the limits of your definition. No, we 
were too much on our job to define “fraud.” We judges say to the chap, “You go on and 
do whatever you please, and when you get it done we will tell you then whether it is fraud 
or not.” 

What is this “freedom of the seas?’ Well, it is a sort of “go as you please,” “free for 
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all.” It is the freedom that Germany had during times of peace to push her prows into every 
port of every nation of the world, which she exercised, without let or hindrance, and in war, 
“freedom of the seas” consisted of Germany’s absolute right to push the prow of her 
navy out of their hiding places on the North Sea, a “freedom of the seas’ which she did 
not exercise until she formed that long line the other day that ended up on the coast of 
Scotland. In all seriousness, my friends, if the most scholastic brain of the century had 
twenty-five years ago defined what the “freedom of the seas” then was, that definition 
would not have protected us from the hellishness of the submarine. The best definition of 
the freedom of the seas Germany got was the “made in Britain” sort, the freedom of the 
seas that France and Italy learned to value and in the Peace Treaty they will not curtail. 

I don’t want anyone to think I am not fond of definitions, for I am. The most inter- 
esting book I know of—the one that has in it every word that ever was coined; that has ever 
been used in any other book; the one that changes its subject more frequently than any 
other—is a book on definitions, which was prepared some years ago by another Noah— 
Webster, I think, was his last name. But I know when to use definitions and when not to 
use them. Now some years ago, Mr. Carnegie, feeling that he might commit the crime of 
dying a rich man, concluded to give several millions of his unearned increment to start a 
hero fund, so he selected a number of us gentlemen in Pittsburgh to go into the business 
of making heroes. It was a novel enterprise, and we had some very scholastic gentlemen 
on our board who insisted that before we went into the hero business we must define what 
a hero was. They said, and with a good deal of plausibility, that we could not award medals 
and money and go into the hero business unless we had a clean-cut definition of what a hero 
was. So the whole commission started in to define what a hero was, and I have an idea, from 
some of the efforts that were made, that if we had waited to get a hero actually defined we 
would still have been engaged in the phantom definition search on which we started. But, 
when Mr. X sent in a definition which dispensed with sesquipedalian, scholastic verbiage and, 
descending to the vernacular of the common people, defined heroes as “butters in what gets 
hurt,” we stopped the definition business then and there and got down to the real thing. But, 
seriously speaking, gentlemen, I want to say that the German nation complained that they 
had not the “freedom of the seas” and that one of the justifications of their entering upon this 
war—what they were talking about over there in Germany when I saw and heard them— 
was that they were denied the “freedom of the seas.” 

“Freedom of the Seas!’? What is the “freedom of the seas,” after all, in time of peace, 
but the right of any man or any nation to take his ship, with the flag of his nation aloft, and 
go into any port where he wants to trade and come out freely? Whoever heard of the “free- 
dom of the seas” being denied to the Kaiser or to any one of his ships, or his empire? Who 
has stood over there in Hamburg, the home city of those great German lines, and watched 
the great kaleidoscopic map with those little German flags changed every day, telling that 
German vessels all over the globe were poking their prows up the Yellow River, into Aus- 
tralia, into Southampton, into New York, into Rio; who can stand here to-day and say that 
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Germany was ever denied the “freedom of the seas’ anywhere in peace? But when war 
comes, who can deny the absolute “freedom of the seas” to the Navy which is standing out 
in the open of the seas; who blocks the ports of his enemy and puts his thumb on the jugular 
vein of his enemy’s supplies; that from the time Gideon Wells and Abraham Lincoln saved 
democracy by a blockade on this side of the Atlantic, and Jellico and Beatty saved democ- 
racy on the other side, that America and Britain alike were not availing themselves of the 
true “freedom of the seas?” That is what the “freedom of the seas” is in war and in peace, 
but it does not consist in using the paths under the seas in the way that Germany has con- 
strued the “freedom of the seas” against us, as a neutral country, before we entered into this 
war. And what the American Navy has done, and what the British Navy for three long years 
has done for us, was to settle once and for all time that the “freedom of the seas” is not the 
submarine murder of German “kultur’—of German definition. 

My friends, the American Army needs no one to speak for it to-night. It has spoken 
for itself, and actions are more eloquent than speech. No one ever doubted what the Ameri- 
can Army would do when it reached the other side. It came, and it came at a time when it 
was sorely needed, and no more just estimate was ever made of it than that spoken by a 
Frenchman to an American friend of. mine in France, when he said: ‘““The American soldier 
combines the dash of the French Poilu and the bulldog of the British Tommy.” Yes, gentle- 
men, the union of the French Poilu, the British Tommy, the American Doughboy—the union 
of the Tricolor that, mark you, has only the red, the white and the blue in it—the union of 
the British flag with its three crosses and its three colors of red, and white, and blue—and 
when we take these men and these colors and join them under that three-colored banner up 
yonder and put that banner in a khaki suit and over a heart that has the dash of France and 
the “back against the wall spirit” of Britain, then, gentlemen, you have that for which I 
speak to-night, THE AMERICAN ARMY; and these three have already, without any 
signed papers, without any definitions, formed a league of nations that, whatever may be 
done later, constitutes the league of nations which will stand for all time, for the “freedom 
of the seas,’ for the freedom of men, for the freedom of democracy. I want to say also 
that the men in khaki from this side of the water and the army mule would not have reached 
the other side had they not ridden on the navy goat to get across the waters. I lay my 
tribute at the feet, sir, of the men whom you, Mr. Secretary Daniels, represent, and there is 
nothing that the American people and the world are more justly proud of than the quiet, 
efficient, unadvertised, night-and-day service of the destroyers and warships that guarded 
these convoys as they took our boys to the other side, virtually without the loss of a man. 
The safety of the Army overseas is a great tribute to the American Navy and it is only to be 
equalled by the great tribute we owe forever and a day to that other great bulwark that dur- 
ing four years has been defending us, which Admiral Capps told me three years ago we could 
absolutely depend on, and that is the bulldogs of the British navy. 

My friends, we are standing to-day in a position which makes many of us feel anxious 
as we look on the days ahead, the settlement of the great problems, the demobilization of 
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the men who are on the other side and in the cantonments of this country. The return to 
normal conditions involves great economic and statesmenship questions that in some re- 
spects are even greater than the test that came to us in the rapid preparedness for this war. 
Then overyone was keyed up with a desire to help and to forward this great patriotic service, 
but the time of strain has passed and we are tempted to weaken a bit now in our further 
patriotic service. You can feel it in the air. You can feel it in yourselves, and yet in my 
judgment we are facing the mightiest of the problems in a return to a peace basis. But in 
facing that return and that readjustment, there is one great factor we are going to have, 
and that is in the awakened souls of the 2,000,000 boys in khaki who crossed the seas, or 
remained on this side, ready to cross, for I make no difference between the man who crossed, 
from the buck private up to John Pershing, and the man who did not cross, from the buck 
private to Leonard Wood. For, mark you well, “they also serve who only stand and wait.” 

These 2,000,000 men are a tremendous added asset to the stability of this country, to 
the solution of its great problems when they come back to civil life. It has been my privi- 
lege to mingle with these lads in the cantonments and drink in their spirit of splendid self- 
sacrifice to the highest ideals of government. I have found a changed spirit in the souls 
of men who by education and environment were conscious of duty, and a changed soul in 
the minds of men who were inspired and ennobled in spite of the humbleness of their origin 
and lack of opportunity in their earlier life. When they come back they are going to look 
us through and through; they are going to put an X-ray into our souls. As they themselves 
have been looking into the souls of men and nations over there that have been purified by 
four years of conflict, they are going to see when they come back whether we on this side, 
who have remained at home—we have not had the four years of soul purification—are now, 
and in the future, to ring true to the higher standard of patriotism and love and duty to 
country they have learned overseas. And when they come back they will see to it that the 
same principles, the same ideals, the same rising of soul that has inspired the men in the 
trenches of all nations over there, are going to inspire them when they return and be the great 
leaven in the solution of the problems we face. 

I wish I might take time to dwell seriously on that subject, but I cannot. I do want 
to say that in my judgment the principles of Anglo-Saxon law and order and obedience and 
stability of government have been tremendously increased over all this country by the les- 
sons of order, competence and executive work America’s young men have learned in, by and 
for the Army. The getting the point of goinig “over the top” and the enduring of hardships 
without complaint, with a smile on their faces, and with a spirit that, after all is said, it did 
not matter much whether the tombstone at a man’s head made his age read ten years more 
or less so long as he had done that which is called by the plain old Saxon word “duty’— 
thank God, I learned it at my mother’s knee—“‘to do my duty in that state of life into which 
it hath pleased God to call me.” 

That is the spirit of the Army. Duty is what has been before every man in Belgium, 
Italy, France, Britain, the colonies, and in our beloved country. Duty! Duty!! Duty!!! 
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That is the sum and the substance of the soldier’s life. Orders obeyed. The laws 
enforced. Character deepened. All have their center in that single word, “Duty!’’ And, 
my friends, what the Army has done for these lithe-limbed, clear-eyed, frank-speech boys, 
these months of government of the Army, by the Army and for the Army again aided to 
give government of the whole people, by the whole people, for the whole people to the whole 
world. 


THE ToASTMASTER :—It was quite patent to me when I met Judge Buffington last night 
that he could do exactly what he has done, and I tender to him not only my personal thanks, 
but the thanks of The Society of Naval Architects and Marine Engineers. 

The next toast is one which we always receive with enthusiasm—“Our Navy’’—and with 


this toast I ask you now to couple the important corps forming a part of our Navy, the corps 
that at Chateau-Thierry drove back the advancing: Huns and became the saviours of Paris— 


Our Marine Corps. Tennyson’s lines paraphrased come to our minds :— 
yi p 


When can their glory fade? 
Oh, the wild charge they made! 
All the world wondered. 
Honor the charge they made! 
Honor our Marine Brigade, 
Noble few hundred! 


To these sentiments I ask the Secretary of the Navy, Hon. Josephus Daniels, to speak. 


f ali i ; 
oie 
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ADDRESS OF HONORABLE JOSEPHUS DANIELS. 


Mr. Toastmaster, ladies and gentlemen, I think it was in keeping with a profound 
sense of national gratitude that, at the opening of this dinner, which will be remembered as 
the Victory Dinner of this Society, your President, with a realization that it has come to 
us, not only by force of arms, but by force of spirit and faith, should have asked us all to 
sing, “Praise God from Whom All Blessings Flow,’ and the good minister should have 
prayed for the day near at hand, the day that has dawned, when peace and righteousness 
cover the earth like the waters cover the sea. 

Last Monday was the day which will be remembered long, and with more pride than 
any day in America except Independence Day, the day that brought to all the world the light 
of liberty and hope and gave to weak nations the certainty that every nation anywhere, weak 
and strong alike, could stand upright and be free. (Applause.) When the soldiers of this 
great republic landed in France, the people of that country, the people of France, were re- 
assured and were comforted; and somehow or other, ladies and gentlemen, though few of 
us trace our lineage to that “gentleman of nations,” all of us have a tenderer love for France 
than for any nation on earth other than our own. I think it was Benjamin Franklin who 
said “Every man has two countries—his own and France.” 

When our ‘soldiers arrived, they were welcomed with a loving hospitality that warmed 
their hearts, for the French people thought of them, not that they were soldiers fighting for 
something for themselves, not that they had gone into war in defense of their fatherland, 
but that they were crusaders who had crossed the sea that the world might enjoy the same 
liberties which had been vouchsafed to us here in America. (Applause. ) 

The sweetest recollection of those days, as the years go by, will be that from first to 
last the men who represented America, and put their lives in jeopardy, and sealed their faith 
withi their blood that from the day the first soldier went into the trenches of France until 
Monday last at eleven o’clock when fighting ceased—they behaved as crusaders, as chivalric 
soldiers, and now that the end has come we can truly say there is not a stain upon their 
escutcheon. (Applause.) They fought with the eyes on their watches until the hands 
pointed at eleven o’clock. They fought without quarter, asking and giving none. But when 
that hour, the hour that will be ever memorable, had arrived, they ceased firing, drove down 
stakes, dug themselves in and walked across the lines with no hate in their hearts for the 
men they had conquered. We should look back upon the courage of our men, their victories, 
their sacrifices, with thanksgiving that they are of our faith and of our blood; and we will 
be prouder and prouder as the years go by, knowing no vengeance or passion touched the 
hearts of American soldiers and American soldiers at home (loud applause), and because 
at home we kept our hearts in tune with the whole impulses of the boys on the firing line. 
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Not many days before the terms of the armistice had been agreed upon—we call it an 
armistice; that is the legal name for the complete surrender (loud and prolonged applause )— 
a detachment of American and French and British soldiers in a bloody engagement captured 
a number of Germans,- whom they took back into the prison camp. Among the prisoners 
was a young German officer, who had been in America when he was younger. Some of our 
officers and the French and British officers talked with him about the battles which had been 
fought, as soldiers always do, and they found that what surprised this young man most was ~ 
to find so many American soldiers in France. He said to them, frankly: “When I was in 
Germany a few weeks ago on furlough, I was told there were only a handful of Americans 
in France, but now it looks to me as if the whole face of creation was covered with Yankee 
soldiers’ —from South Carolina (applause) and from Maine and Texas and California; and 
one of the things about this war that we have learned in this nation as never before is that 
soldiers from every portion of it have been proud to be called “Yankee soldiers,” and they 
have all marched to victory to the tune of “Dixie.” (Applause.) This young officer’s sur- 
prise was great, and from that moment he foresaw the end. They talked familiarly about 
various things, and a French soldier showed him his cross of the Legion of Honor which he 
had won for bravery and courage, and a British soldier showed his cross, and then he took 
out his Iron Cross and showed it to them. Then the young German officer said: “I under- 
stand all about the Victoria Cross you British soldiers wear, I understand all about the Cross 
of the Legion of Honor which you French soldiers wear, and about the Iron Cross given to 
me for courage in battle, but, gentlemen,” he said, “pray tell me how did the Americans 
get a-cross.” (Laughter and applause.) You know, and I know, and all the world knows, 
that more than two million of them got across, because the Navy was on the job, fit and 
ready. (Great applause. ) 

War was declared on the sixth day of April, 1917, and on the twenty-third day of April 
American destroyers were in British waters, and from that day to this—and they have not 
quit yet, but are there to stay until every term of the armistice is complied with, and there 
can be no doubt that peace will reign. (Loud applause.) From that day to this, in the cold 
of winter, the young men on these destroyers, not knowing what it was to sleep in a bed, nor 
to eat, except to stand up and take a bite at the post of duty—the men on the transports, the 
men on ships that before the war we thought were almost valueless and which were early com- 
missioned and sent to these hard tasks—there has not been a moment when any duty that 
was required of the Navy has not been performed instantly and victoriously by them. (Loud 
applause.) Not only on the seas has the Navy been worthy of the best traditions of the 
service, but upon the land it has accomplished things so big that never before did a Navy 
undertake to do them. (Applause. ) 

I have not time to-night to detail to you these new and striking big things accom- 
plished by men whom I virtually believe, though they have their equals in every profession 
and trade, as a compact body of capable men have no equal in the world, the men of the 
American Navy. (Loud applause.) Very soon after this war began, at the request of our 
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President, Admiral Benson of our Navy (applause), one of the great naval statesmen of the 
world, visited our allied countries, and in consultation with that brilliant officer, Admiral 
Sims (applause), took up with officers of the allied navies the things that must be done to 
stop the submarine menace. It was our opinion that you never could end it except by shutting 
the submarines up in the North Sea and making it impossible for them to escape to the 
ocean. We proposed the building of a barrage 250 miles across the North Sea, the great- 
est undertaking and achievement ever dreamed of by any man in any war in the history of 
the world. After long discussion and interchange of opinion it was undertaken by the 
American and British navies, and when the full story of it is written, we will find that 
it is one of the chief contributing causes of the German appreciation that the day had passed 
when submarine warfare could be effective against the commerce of the world. (Applause. ) 

There was another great undertaking, not a naval one, as we understand naval work, 
but you will perhaps recall that what troubled the allied navies most, after loss of life, was 
the sinking of tankers. This war has been run on oil and gasoline, and the submarines 
seemed to have a special talent or evil genius for sinking the tankers conveying the oil es- 
sential for the battleships and destroyers. Our naval leaders undertook, in co-operation with 
the British Navy, to construct a pipe-line, to furnish skilled men to go to Scotland and to 
construct a pipe-line across the Scottish territory, so that oil needed for the British Navy 
and our Navy goes through this pipe-line and avoids the danger zone around Scotland. 
(Applause. ) 

We all woke up one morning with some feeling of terror when we heard of the Ger- 
man long-range gun shooting into Paris and killing men, women and children. What was 
the allied need? The need was of a gun, not of that type which, from a military stand- 
point, was of little value, but of a gun big enough to be an effective weapon in war and 
shoot far enough to batter even the ramparts of Metz, and the American Navy took its 14- 
inch guns and put them on trains, carried them into the heart of the country with their 
ammunition, and were aiding in winning victory along with the soldiers by this firing for 
a distance of 20 miles of 14-inch guns when the armistice was signed. This is an achieve- 
ment on land. (Applause. ) 

These are some’ of the outstanding things during the war we could not speak of. They 
were military secrets and of the high lights which show that in this war, wherever there 
was need for initiative, wherever there was need for resource, something new, something 
daring, men of the Navy were equal to the emergency, ready to propose and to carry out 
heroic adventures and practical new accomplishments. 

Your chairman has spoken of the gallantry of the marines. There was a time when 
we had a saying in America, if we heard a story that would hardly go down, “Oh, tell it to 
the marines!” You have heard that, haven’t you? But you will never hear it any more for 
now they say, “Tell it of the marines!” (Applause. ) 

The world can never forget that when the German army was almost in sight of Paris, 
when officials in Paris were packing up the archives, fearful that the city would fall, it was 
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the second division, half soldiers and half marines, at Belleau Wood and Chateau-Thierry 
that stopped the onward march and drove the Germans back and gained the initiative that 
ended at 11 o’clock last Monday. (Loud and prolonged applause. ) 

It so chanced, gentlemen, not because the marines are any more courageous than the men 
of the Army—they are all brothers in blood and daring and they were regimented in the 
same forces—but the impact of the most fearful German “shock” troops was sent against 
the marines, in the open, and these boys had not been under fire. They were not expecting 
to go into that battle but, when ordered, they stiffened the lines, turning the tide, drove 
back the Germans, and out of 8,000, 5,200 were killed, wounded or gassed in the open. The 
best sharpshooters in the world, they took aim and routed the finest body of Prussian sol- 
diers that ever went against American, or French or allied armies. (Loud applause.) 

I wish I could tell you some of the stories I have heard from the lips of these boys. 
A few days ago I was in New York. I went to the hospital, where some of these boys 
are convalescing. The boys from Chateau-Thierry had come home, those who were wounded, 
those who had been so severely wounded that they could not return to battle, and I went 
there and did myself the honor to pay my respects to them and to take my hat off and 
uncover and thank God that in the Navy we had such boys in this day of need. (Applause. ) 
I talked to a score of them. One of the nurses said to me—a splendid woman whom I 
have known for a long time—‘I want you to come and see my boy; he is the joy of the hos- 
pital,” and I went in to see him. He had undergone an operation that had given him great 
anguish (neither the doctors nor the nurses thought he would come through) but there he 
was in his rolling chair, red-headed and freckled-faced, the handsomest boy my eyes ever 
rested on. There was a light in his eye, the light akin to the light that never was on sea or 
land, and a smile on his face that radiated his room in the hospital, was so contagiously 
cheerful that it reached the other wards, and made men cheerful, thankful and happy. Of 
all of them there was not a boy who did not hope that he could be patched up so that he 
might go back and finish the job. (Applause. ) 

That is the spirit of all these marines, and the spirit of the soldiers, and the spirit of 
the sailors. This spirit may be illustrated by an incident related by the nurse. I was told 
that one of the pals of this boy went to see him, and after talking with him, and when about 
to take his leave, he said, “Too bad, old chap; it is too bad you lost your leg,” and this 
youngster said—‘‘Why, I didn’t lose my leg’”’—he was in a rolling chair. Said he, “I didn’t 
lose my leg. I gave it.” Gentlemen, when soldiers give their legs and lives with such no- 
bility and modesty they are invincible and unconquerable. (Loud applause. ) 

But I must not detain you with these incidents that thrill and make us proud, all of 
us, that we have lived in this heroic age. All of us have suffered. Those of us at home 
who have been on the firing line in sending weapons and ships and everything that con- 
tributed to war were of their spirit, and during these eighteen months we have constantly 
planned, worked and saved in order that the heroic courage of these men might be matched 
by our spirit of initiative and resource, so that we might give them what they needed. 
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I came to speak to you to-night, because you gentlemen and the men you represent have 
from the beginning with vision, with rare vision of the needs of our country, seen that the 
primal need, the essential need of what we had least of, was ships, and ships, and more 
ships. It was the neck of the bottle. But for your zeal, your industry, your co-operation, 
we could not have provided the ships that in the Navy have been so effective, or the mer- 
chant ships that have carried food and munitions to our boys across the seas, and I have 
come here to-night, gentlemen, to extend to you my own thanks and the appreciation of the 
Government at Washington for the great things you have done, for the spirit you have 
shown, for the large vision you have had, and for the translation of that vision into the 
materials necessary to win this war. 

We went to war in 1812 for a great principle. We determined that our ships on the 
sea should have free passage and no sailors’ rights should be interfered with by any nation 
under the sun, and that doctrine we will defend forever against all comers, because it is 
a primary American doctrine. (Applause.) We fought then for a principle, and though we 
won the principle for which we fought, and for a generation had free and safe use of the 
seas, the hour and the day came, fateful to us as a great nation, but a reflection upon the 
statesmanship and vision of America, when the American flag was rarely seen on the high 
seas or in distant parts of the world. Senator Hoar, ina great speech, said: “I have seen 
the glories of art and architecture, and of mountain and river. I have seen the sun set 
on Jungfrau and the full moon rise over Mount Blanc, but the fairest vision on which these 
eyes ever looked was the flag of my own country in a foreign land. Beautiful as a flower 
to those who love it, terrible as a meteor to those who hate it, it is the symbol of the power 
and glory and the honor of seventy millions of Americans.” But he seldom saw it. Our 
flag was seen almost nowhere and we depended on foreign bottoms for our trade, with the 
necessary logical result that the ships that carried the trade, of course, gave preference to 
their own nation. We permitted our mercantile marine to decrease almost to the vanishing 
point, and as a consequence the American Navy was small in proportion, for Admiral 
Mahan truly said: “The necessity of a Navy, in the restricted sense of the word, springs, 
therefore, from the existence of a peaceful shipping, and disappears with it, except in the 
case of a nation which has aggressive tendencies and keeps up a Navy merely as a branch 
of the military establishment. As the United States has at present no aggressive purposes, 
and as its merchant service has disappeared, the dwindling of the armed fleet and general 
lack of interest in it are strictly logical consequences.” 

The day is not far distant, I believe, when the American mercantile marine will be a 
power in the world and carry its freight to every island and land under the sun. (Applause. ) 

Mr. Schwab, we have just begun to build ships—— 


Mr. Scuwas:—Right, Mr. Secretary. 


SECRETARY DANIELS :—We have just begun, and we shall continue building ships to 
carry our commerce until we have a fair share of all the trade of the world. (Loud and 
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prolonged applause and cries of “Hear!” “Hear!’’) Nor shall we live to see, unless wisdem 
passes from us, the day when the Government will not build ships and operate them. (Ap- 
plause.) We will carry our commerce, and carry it at prime cost, and deliver it to whoever 
needs what we prodtce, whether in South Africa or South America or anywhere else. 
That must be the policy of a great republic that is to fulfil its mission, develop its indus- 
tries, and do its duty to itself and to all the world. (Applause.) If we build this merchant 
marine and conduct it by the Government, gentlemen, we must not shy at the truth that we 
shall never permit subsidies in this country to be given to ships, because we know that sub- 
sidies go to a comparatively few persons and do not create trade; but the Government, 
representing all of us, will build the ships and operate them for the benefit of America and 
the expansion of its trade and commerce and the glory of its flag. (Applause. ) 

And along with that we shall continue the building of a great Navy—a three-year pro- 
gram authorized three years ago will be continued, and another three-year program just like 
it will be entered upon. We are building 274 more destroyers, costing nearly $400,000,000, 
and the Administration is determined to press the passage of another three-year bill through 
Congress; and I have no doubt, before the 4th of March, we will hail its passage as a precur- 
sor of our great navy that will make America proud and free and strong to do our part in 
preserving the peace of the world. (Loud applause.) Nor will we build this great Navy 
to overawe the weaker nations, or with a thought that we shall use it against nations that, 
with us, shall go into the League of Peace. One of the propositions, which was a part of 
the demands of America, was a League of Nations to Secure Peace and to Enforce It. 
(Applause.) In that. League we shall set up a high court, a tribunal, to which every na- 
tion must submit its differences, and we must have a powerful, international navy, that 
will be the policeman of the world and enforce the decrees of this Court of Arbitration; 
and to that policing America, the richest of nations, which has suffered less by the war than 
any other great nation, must contribute its part, its large part, so that by this policing of 
the seas we shall be able to keep the peace of the world until reason and justice may prevail 
in the hearts of nations without the need of policemen. 

Judge Buffington has referred to the great problems that are before us. Gentlemen, 
we are about to pass from war times to peace times, and many adjustments must be made, 
but it is the policy of the Government that this transition shall be made easily and gradu- 
ally—no wholesale cancellation of orders, no stopping of work begun, but to go on with the 
work, so that factories which have been put into war business may from time to time change, 
without interfering with their operations, to peace work. We have told the men who are 
making the big guns that they are to continue to make these guns, but that we will let the 
guns stand aside for some months in order that they may use their facilities to manufacture 
goods that shall rebuild France and rebuild Belgium and enter upon new construction and 
public improvements in our own country. 

Have you thought of the demands that will be made upon us to rebuild these countries 
and to re-establish Russia? As soon as our machinery is in motion and the changes are made, 
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American business and industry will have so many orders for rebuilding these nations and 
carrying on the peace work, which for eighteen months has been at a standstill, that we shall 
find readjustment and prosperity going along together, and continue in this great country of 
ours. 

Gentlemen, there is but one thing we need. We have the courage and we have the 
ability to win this war and to provide the instruments necessary to win it. No people who 
could achieve what we have in eighteen months can ever be said to be wanting in the ability 
in times of peace to carry prosperity to all of the people of this nation, and to make it more 
prosperous than it has ever been in its entire history. What we need—all we need—is the 
same spirit of faith in ourselves and confidence in the future. Let us have this faith with 
work; and we shall see as the months go by and as the years go by, that readjustment and 
prosperity are one and inseparable, and we shall see that the best days are yet to be. (Loud 
applause. ) 


Tue ToASTMASTER :—Three cheers for Secretary Daniels! 
Three cheers were given with a Tiger. 


THE ToASTMASTER :—We have more good things for you. The next toast is “Our Mer- 
chant Marine, Now and Hereafter.” I asked the Honorable Edward N. Hurley, Chair- 
man of the United States Shipping Board, to reply to this toast, and he consented so to do, 
but this morning I received this letter :— 


“UNITED STATES SHIPPING BoarpD, 


WasHINGTON, November rr, 1918. 
“Mr. STEVENSON Taytor, President 
J J 


The Society of Naval Architects and Marie Engincers. 
“DEAR Mr. TAyLor :— 

“On account of recent developments I have been obliged to undertake a mission to 
Europe and I shall be absent from the country on November 15th. I shall therefore be 
obliged to forego the honor of being your guest on that evening at dinner. 

“I hope you will convey to your members a message of optimism from me. It is my firm 
belief that the spiritual exuberance with which our people are hailing the news of victory 
will immediately express itself dynamically in favor of increased production to meet the un- 
diminished but better apportioned demand. 

“Very truly yours, 
“EDWARD N. HURLEY, 
Chairman.” 


When the speakers not belonging to this Society happen to fail us, as they sometimes 
do, we call upon our own. I am going to ask one of the four gentlemen that started this 
Society twenty-five years ago, Mr. Lewis Nixon, to respond to the toast—“Our Merchant 
Marine, Now and Hereafter.” 
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RESPONSE OF MR. LEWIS NIXON. 


Mr. Toastmaster, Secretary Daniels, ladies and gentlemen, and fellow naval architects, 
we always feel that somewhere in our evening’s entertainment at our annual festivities that 
we should have some little shop talk such as seems to befit a gathering of naval architects. 
Our president has not, of course, attempted to give you a substitute “just as good,” but he 
has asked me to say something here about the merchant marine, of its past and present, and 
even to dare to say something about its future. 

For more than twenty years I have been speaking on the subject of the merchant ma- 
rine all over this country. In the past, and during that time, I have spoken of the merchant 
marine we once had and the merchant marine we hoped to have. Now we seem to feel that 
we are approaching a time when we can discuss a merchant marine that we have. But 
when I came to Philadelphia I felt that, if I spoke to the naval architects and those as- 
sembled with them, I must speak of a man whose name naturally comes to you as associated 
with this great city, who has carried the flag of the United States and foreign flags upon 
vessels built in this city, that have been a credit to the American nation, a man who has 
probably done as much to keep the American flag afloat and to bring about the sentiment, 
both for naval shipbuilding and merchant marine shipbuilding, as any man in the entire 
United States, and that man is Charles H. Cramp. (Applause.) 

Our President spoke of the beginning of this Society twenty-five years ago. Admiral 
_ Bowles and Admiral Capps came to see me in Philadelphia and we discussed the formation 
of a Society of Naval Architects and Marine Engineers. I suggested at the time the name 
of the man who, if we could have him for our first president, I thought would insure a solid 
and substantial start for the Society upon a field of great and enduring usefulness. I sug- 
gested that prince of men, Clement A. Griscom. I did it because I thought that before we 
began a Society such as this there should be no feeling either of rivalry or bias, as the re- 
sult of possible misunderstandings, and that we should have some man as president who was, 
in a sense, away from the actual shipbuilding industry, but a man who at the same time was 
engaged in the labor, and who later brought it to a successful end, of lifting and carrying 
the American flag in the Atlantic trade. I saw his son that day and told him what we 
wanted. He said, “I will cable my father; he is in Europe.” The next day the cable came 
back with the message: “Tell Nixon yes.’ I sent that cablegram to Admiral Bowles who, 
with Admiral ‘Capps, was the prime mover in the organization of The Society of Naval Ar- 
chitects and Marine Engineers, and from that day this Society has been a success. Mr. 
Griscom has been succeeded by competent presidents, men to whom we have looked with re- 
spect and appreciation, and who have led us on our way until to-day we have this splendid 
gathering of naval architects. Even in that time, in that twenty-five years, the achievements 
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in this country in the way of shipbuilding and ship designing have so ennobled the vocation of 
those who do plan and build ships, that it abates none of its pride by comparison with any 
other field in which the human intellect holds sway. 

I hope that the young men of this Society will realize we are building shipyards and 
that there is the place to learn to build ships. Of course we know that the building of a ship 
makes requisition on practically every other calling, profession and trade. We know that 
to properly carry out the great project which we have in mind, the enormous program which 
this war made necessary and which has been so successfully met, means that we should 
co-operate with every possible means to accomplish our ends; but, gentlemen, I want to say 
to those who will have to do in the future with the building of our ships and with the plan- 
ning of these ships that the proper place to learn to build ships is in the shipyards and not 
in the counting-house or the bridge shop. (Applause.) Yet I think the gratitude of the coun- 
try should be given to those who have co-operated with the naval architects of this country 
in building the fleet we have now started. (Applause. ) 

I am asked to say something about the merchant marine and again, in a sense, have to 
be personal. I remember in 1885 a very noted newspaper editor of the day said he was 
asked to edit a new “American Encyclopedia,” and he wanted an article on American navi- 
gation. Well, he came to me. I knew nothing about the subject practically at that time, 
but I struggled along and wrote an article. I read the article over carefully several times. 
In it I had advocated free ships, but after reading the article several times, it did not ring 
true, so I tore it up and started all over again. I then proceeded to read such history of the 
merchant marine that I could get hold of, so as to get facts, and I made up my mind, if I were 
to continue in shipbuilding, that I must know something about the subject. I started in from 
that time and read every debate that led up to the adoption of the American Constitution, 
and I read every debate in Congress, either upon commercial laws or upon treaties, up to 
five years ago. It was quite a task, but I enjoyed it, and I learned a great deal about the 
American merchant marine. 

When this country started the first federalized government, we had thirteen different 
ways of regulating ships, and every one of them, in a way, interfered with the other, and 
the compelling cause of the adoption of the American Constitution and the formation of the 
American Union was to obtain a central power to regulate commerce in the interests of all 
the people. Naturally, my first thought and first desire was to know what regulating com- 
merce meant, and what was the intention of those great men who wrote that inspiring docu- 
ment, the Constitution of the United States. They must have known what they meant; they 
were leaders in thought and power and influence in their time, and after the government was 
established, they took their seats in the Houses of Congress and in the Legislatures of the 
various states, and obviously the laws they passed must have been such as to carry out the 
general idea of the constitutional power to regulate commerce. 

On July 4, 1789, they passed in the form of a law a Declaration of Commercial Inde- 
pendence, just as they had in 1776 passed a Declaration of Political Independence. They 
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laid very broad and deep the foundation of an American merchant marine. The Govern- 
ment was not afraid in those days, although only three million in strength, to say to the rest 
of the world: “We believe that the American shipping upon the seas should be preferred.” 
They did not hesitate to pass laws directly carrying out the power to regulate commerce, to 
drive trade into American ships, and make shipbuilding and shipowning profitable. 

Their first law was such as to give a differential rate both in duty and tonnage taxes in 
favor of the goods carried in American ships. This extended in several lines and built up the 
commerce of the United States in all parts of the world, even all the way out to China and 
back. They confined by tonnage taxes the coasting trade of the United States to ships built 
in America. They passed also, while looking out for the shipbuilder and shipowner, laws 
enlightened as any we have to-day guaranteeing to the sailors of the United States better 
conditions and better food than sailors got on any other ships in the world. What was the 
result? In a very few years our merchant marine grew, and in a short time we were carry- 
ing not only all of our own commodities upon the ocean, but a goodly share of those of the 
other people of the world, and these laws, as long as they remained on the statute books, kept 
our merchant marine in that flourishing condition. 

In 1815 and 1828, I think due to the machinations—I won’t say plots—of foreign states- 
men, this situation was changed. Anyhow, possibly due to more cunning statesmanship on 
the part of the foreigner, we got away from these safeguards that had been established 
by our earlier statesmen, and from that time on the American merchant marine passed away. 
We know, of course, that we passed from wooden ships to steel ships, and that we passed 
from ships propelled by sails to ships propelled by steam, but the contributing cause was 
cutting loose from the old constitutional regulation of commerce in connection with which 
two such opposing minds as Jefferson and Hamilton joined hand in hand. 

The Civil War practically completed the destruction of the American merchant marine 
afloat. Many ships passed under foreign flags, and our Government was so shortsighted that 
it refused to allowed them to come back. We preferred the foreign insurance agent as 
against our own, and passed laws directly benefiting the foreigner when he sought business 
in our own country. We have pointed out, time and time again, for years and years, that the 
United States should insure its own ships, and one of the greatest benefits that has come 
out of the war is the fact that the United States says it can not only insure its own ships, 
but that it is a profitable operation for the Government, as insurance could be underwritten 
at profitable rates. 

Our shipping is now growing. We have a good start towards a merchant marine. What 
kept the flickering flame of American shipbuilding alive since the war has been the coast- 
ing trade. We did build ships to go across the Atlantic Ocean, under the initiative of 
‘Clement A. Griscom and Charles H. Cramp, ships whose names became household words, 
and which were superior to the Lucania and Campania, but these vessels have passed away, 
and yet the St. Louis and St. Paul are making regular trips, and probably making more 
trips than any other ships we have known to cross the Atlantic. 
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That was due to the solid and substantial methods of shipbuilding which were adopted 
by the American people. When they built the first American ships, the Pennsylvania, Illi- 
nois, Indiana and Ohio, to ply in the Atlantic trade every shipbuilder in Great Britain, when 
those ships arrived there, came to look at the boilers and learned boiler making to such a de- 
gree that it improved the whole standard of English construction, and many changes fol- 
lowed in order that boiler-making methods should be in accordance with the improved methods 
adopted by the American shipbuilders. 

In 1885 this country was helpless, so far as an efficient navy was concerned. Up to 
that time the ships in the U. S. Navy were largely made of wood, mournful relics, rotting 
relics of the glorious past, a shame to the officers who had to serve on them and a joke to 
those who exchanged salutes with them. Responding to the compelling voice of the people 
of the United States, we began the upbuilding of the U. S. Navy. At the time we began 
it we were not able to make the forgings for our crankshafts or gun tubes; we could not make 
the ordinary composition castings that were needed. Most came from abroad, and so weak- 
kneed were many of the people of the United States that they absolutely advocated, after we 
had even built such boats as the Chicago and Atlanta, that in the new vessels we could build 
the hulls and buy the machinery from the British builders, Hawthorne & Leslie. That prop- 
osition was put up to a patriotic Secretary of the Navy and he said in answer: “If we have 
a Navy under my administration the ships are going to be built, both hulls and engines, of 
American material and by American labor.” That Secretary of the Navy was William C. 
Whitney. (Applause.) | 

At the beginning of our new Navy we standardized in steel shapes and gave orders that 
enabled us to build the most intricate forgings for both guns and machinery. That started us 
on the right road until to-day we acknowledge no superiors in the art of steel making, and I 
believe this policy was the foundation of much that came afterwards, not only in the manu- 
factures that contribute to shipbuilding but in respect to the steel industry itself, because 
this policy warranted our shipbuilders and steel makers in starting and gathering the neces- 
sary nucleus for an organization for shipbuilding on a large scale. 

One could talk, of course, about the merchant marine as long as the night lasts. I 
notice the subject, as given to me, also says—“‘And its future.” I think the future is most 
promising, and I am always anxious to be an optimist. I do not know, however, that we can 
make a jack-of-all-trades even of a shipbuilder. I think the people who have developed 
shipbuilding, the men who have started out and organized fleets of ships and brought them 
to successful operation, must know something about their needs. I do not know that all ships 
can be alike and give a varied service. I think he would be a brave man who undertook to 
standardize now, but what we need is to attain our rightful place on the ocean. We are 
entitled to carry our own products, regardless of whether we get a larger share of the other 
people’s products or not, but whether we can standardize at this time, without a more ex- 
tended operation, I do not know, and I do not believe anybody else does. Every ship which 
has been begun is to be finished, of course, and we hope they will all be finished and get into 
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useful occupation as soon as possible, because there is a demand for them. Just how they 
are to be handled is a problem, naturally, which would require the strongest powers of states- 
manship any country is capable of exerting. 

We shall enter into the carrying trade of the world and take our rightful share, which 
up to the present time we have not had. If these ships are to be controlled by the Govern- 
ment, then it is the most tremendous undertaking of government ownership that the world 
has ever looked upon. Primarily, ships are built for profitable operation, and if we are to 
extend the lines and nurse them along to profitable operation, as foreigners have so often 
done and found that their result was justified, perhaps this Government will indulge in that 
great task. If these ships are to be given to men, or leased to men to operate, they must be 
men who are willing to meet conditions as they find them upon the ocean. 

We may have to pass new laws. I have given my entire life to the study of legislation 
as affecting our shipping, and I believe that if we do pass new laws we should also repeal 
an existing law which was primarily passed to trammel and obstruct the development of the 
American merchant marine. The sooner you gentlemen realize that now is the time for frank 
speaking, and that you have a duty before you, the better. You must go forward in your 
various spheres of usefulness and influence and must use such influence as you possess. If 
you think the La Follette law as now standing on the statute books of the United States is a 
trammel upon American enterprise at sea, be men enough to come out and say so and try to 
have that law repealed. (Applause. ) 

Now I am looking forward to seeing our flag in every port. It is nothing new. The 
flag of the United States used to fly in every port under the benefits of enlightened states- 
manship, and my hope and desire is, as a patriotic American, that the time will soon come 
when we shall see that state of affairs reestablished and the American flag flying on ships 
engaged in useful and profitable occupations in all quarters of the globe. (Great applause. ) 


THE ToASTMASTER :—Our next toast is “Our Allies.” First I give you “Great Britain 
and Ireland,” and call upon you to rise in honor of His Majesty, King George V. 


The company then rose, toasted King George, and Mr. Louis J. Winsch sang “God Save 
the King,” the company joining in the National Anthem of Great Britain. 


Tue ToAsTMASTER :—I have in mind a little sentiment that comes with that part of 
' this toast. It is as follows: 

“May the rose of England fairer blow, 

May Scotia’s thistle taller grow; 

May the harp of Erin sweeter play, 

While the Stars and Stripes shall hold their sway!” 

It would take too much time to toast all our Allies, and we will epitomize them all in 

“Ta Belle France.” 


The company then rose and drank a toast to “La Belle France,” Miss Irene Law sing- 
robed as Joan of Arc. 


Y) 


ing “La Marseillaise,’ 
4 
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Tue PresipEnt:—The next toast, gentlemen, is “Our Ships and Shipbuilders.” I 
will call, to respond to that toast, a gentleman who has never shown greater spirit, energy 
and determination than in these last eight months. He has shown great spirit in shipbuild- 
ing, and none can respond better than the Honorable Charles M. Schwab, Director-General, 
Emergency Fleet Corporation. 


BANQUET. Perea 


RESPONSE BY HON. CHARLES M. SCHWAB. 


Mr. Toastmaster, Mr. Secretary, ladies and gentlemen, although the introduction of the 
toastmaster was an inspiring one for a,man who intended to make a true, patriotic and seri- 
ous speech, I find it very difficult to speak this evening under the auspices under which | 
start—not only am I last on the program here, but even the good reverend gentleman started 
off invoking a blessing on every department of the Government and shipbuilding except the 
Emergency Fleet Corporation. Now, I do not know whether he thought that the Emer- 
gency Fleet Corporation did not need it, or whether he thought it was so bad that even his 
blessing would not help it. I cannot very well understand that point, but notwithstanding 
that handicap, after listening to the splendid addresses of the gentlemen who followed him, 
I commenced to feel some spirit of enthusiasm, when that great lawyer from Pittsburgh, 
whom I have known and been associated with so many years, got up and put the fear of 
the Lord so into my heart that that which I intended saying I cannot say. Now, Judge Buf- 
fington is a mighty fine lawyer, but I am afraid he would make a pretty poor shipbuilder. 
I do not mind saying that when I came to the Emergency Fleet Corporation he was the first 
fellow who came down and insisted on a shipyard in Pittsburgh. (Applause.) He isa really 
enthusiastic Pittsburgher, is this Judge Buffington—he was my lawyer for many years. Mr. 
Daniels was telling me a short time ago things that I do not like to be reminded of—things 
that happened about twenty years ago, when water was then a good deal discussed, and not to 
float ships. I had something to do with things of that kind. I had congratulated myself that I 
had forgotten all about them, until the Secretary brought the subject up again. Then I 
thought of an experience about that time with Judge Buffington, when I went to him for 
legal advice. That advice was of such a character that I went home feeling that I was about 
the worst culprit in the United States. 

I went to sleep and had a dream. I dreamed that I would shrive my soul of all the 
things that I had done wrong’ with reference to flotations, and water, et cetera, and, good 
Catholic that I am, I went to see old Father Hickey. Mr. Morgan, who had been in similar | 
enterprises with me (laughter) was om the other side of the confessional, and the good 
Father between us, when suddenly the Father disappeared and I saw my friend at the other 
end. I said:—““Mr. Morgan, where is the good Father gone?’ “Oh,” he said, “I think he 
has just gone out into the church.” I said, “Don’t you believe it; he has gone for a cop.” 
(Loud laughter and applause. ) 

Well, since those days we have gotten into a respectable sort of business, the building of 
ships. 

I went upstairs at 5 o’clock this evening, very tired as the result of traveling from Bos- 
ton last night, and thought I would have a few moments’ rest. I threw myself down on a 
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couch and dreamed of the delightful banquet we were to have here to-night. I thought of a 
meeting, we had twenty-five years ago, which I attended. In my dream I saw the few people 
that we had then, some twenty or thirty, possibly forty, and then I thought of this great 
ageregation of the shipbuilding talent of the United States here to-night. To me it seemed 
to be typical of what had happened in these United States to this great industry—that this 
representative gathering of to-day, as compared with the gathering of twenty-five years 
ago, is but typical of the wonderful progress which this great business has made, of its won- 
derful influence upon this nation, and of the wonderful effect it is going to have upon this 
nation in the future. (Applause. ) 

I dreamed still further, with a wondering mind, and I saw in my dreams a great proces- 
sion pass along Broad Street, in this city, by the offices of the Emergency Fleet Corporation. 
This procession attracted me intensely. In my dream I looked out of the window, and there, at 
the head of this great aerial procession which was floating past, was the distinguished Secretary 
of the Navy. He had in his hands and about his person every blooming shipyard in the United 
States that was worthy of the name. Here was Fore River and here was Union, and so on 
in the case of every yard that could build a ship; the Secretary of the Navy had them all, 
and he maliciously dangled them before the faces of the officers of the Emergency Fleet Cor- 
poration. Of course this was a dream, and I may not have seen distinctly. He seemed to 
have under his arms something that looked to me like two beer kegs. I cried out in my 
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dream, “Surely, Mr. Secretary, this cannot be true.” “Well,” he said, “I am passing the 
offices of the Emergency Fleet Corporation; Mr. Hurley and Mr. Colby said the proper way 
to grease the ways was with beer, and I am taking along beer kegs as typical of the fact that 
if, in floating ships down these ways, beer will grease them better than soap, then beer this 
country shall have, because we want the ships.” (Applause. ) 

The next man I saw in this great procession as they marched along was Hurley, the 
chairman of our great United States Shipping Board, and almost all that poor Hurley had 
was a pick and a pile-driver—the only things that the Secretary of the Navy had left him. 
Every shipyard was gone, and there was poor Hurley trudging along, supported by Admiral 
Capps on one side and Admiral Bowles on the other, helping him to carry these things as 
he had to create in that way the great shipyards of this country, so as to give us our mer- 
chant ships. 

Well, you know this is a dream, and yet it is not really a dream. It is a fact. In view of 
the great shipyards that this man and his organization have created, and of all the men in the 
United States whose names have been mentioned in all honesty and as deserving of real credit 
for pioneer work in the development of the Emergency Fleet Corporation, what men are there 
who have gone through the weary trials, and who deserve the real credit, as have Admiral 
Capps and Admiral Bowles? When history writes the record of the Emergency Fleet Corpo- 
ration, the names of Admiral Capps and Admiral Bowles will be the brightest among them 
all. (Applause. ) 

I dreamed on, and I saw, as I have often seen in my waking hours—but yet this was 
a dream—I saw a handsome lady, who looked like a prima donna, coming along, and I 
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asked myself—‘*Who is that person.” She was supported by Holbrook and Baldwin and 
Webster and Stone and a great galaxy of people, and they said, “That is the great prima 
donna of Hog Island.” She was a lady beauteous to look upon, with a reputation not un- 
sullied by investigation and popular report, but still in such a degree of respectability that 
she did attract attention. The gentlemen with her—and there were many of them—were 
surrounded by a guard of honor of some seven or eight hundred splendidly uniformed and 
mounted policemen—she needed that protection in Broad Street—this great galaxy was 
wending its way through the street, every one asking who she was, what she was, and what 
she was going to do. Well, gentlemen, Hog Island is all right, notwithstanding that dream, 
and I am going to tell you some of the real truths about her a little later. As to the lady who 
posed so beautifully and looked so well, I am not going to tell you about her now. I will tell 
you later. 

Then I saw a number of men approaching, fine looking fellows, Joe Powell, Holbrook, 
Kneeland, and a lot of other fellows, and I thought, “What have those fellows in their hands, 
they look so fine,” because each one carried a big chart in his hand, a chart to show the peo- 
ple what they were going to do. (Applause.) Boys, that was the most magnificent set of 
charts I have ever seen. 

Then there came another distinguished man in this procession that commenced to look 
like a Roman fete. It was Admiral Bowles, dragging a cow by her tail. The admiral was 
then explaining that this cow had to go. He said that he could not make her go forward, 
but he had promised to make her go, and therefore he was obliged to drag her through the 
streets. (Laughter and applause. ) 

So my dream went on, and I saw an aggregation of people representing all the various 
branches of the Emergency Fleet Corporation file by. Then I woke up with a start, with 
the realization, Mr. President and Mr. Secretary, of the real facts—dreams often go by op- 
posites—and instead of the recital at which you have laughed, which was a fantasy of a 
brain in sleep, there came to my view a magnificent fleet of some six or seven hundred mer- 
chant vessels that these gentlemen had built in the last year, with the American flag flying 
proudly from their prows. (Loud and prolonged applause.) I thought to myself, what a 
splendid awakening and what a splendid return to a former state for this great country, 
and what credit these craftsmen and shipbuilders of the United States deserved. They have 
made history for themselves, Mr. Secretary. 

In the shipbuilding industry we have our traditions, too. You spoke of the traditions of 
the American and other navies, Mr. Secretary. We all take our hats off to these traditions 
and things of the past, but I would have you all know that the Emergency Fleet ‘Corporation 
has a tradition for itself far back of anything you have ever dreamed of, Mr. Secretary. Why, 
Noah was the first man to build an emergency fleet. Our history and our records and our 
traditions go gack to the time of Noah, and I challenge the Army and I challenge your Navy, 
Mr. Secretary, and any other navy in the wide world, to show a tradition as ancient and as 
honorable as the Emergency Fleet Corporation. 

Now, gentlemen, just to be serious for a moment. I am going down to White Sulphur 
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Springs in a day or two for a rest. I have had eight rather strenuous months. I have had 
to associate with Piez and Page and the rest of them and I am almost tired out. I am going 
down there for a little rest, and I hope you will not tell any stories on me upon my return 
as Replogle told them on me in New York once when I was away. He came over and said, 
“I saw C. M. at White Sulphur Springs,’ and the friend asked, “Was Grace with him.” 
Replogle replied, “Well, I don’t know her name, but she was mighty good-looking.” (Laughter. ) 

I am going down there with a sense of satisfaction, a sense of thankfulness, and a 
sense of appreciation that I can ill express in any words I might choose. My association, 
Mr. President and Mr. Secretary, with these gentlemen who are directly responsible for 
building ships in this hour of the country’s need has been, indeed, a splendid association, and 
one that must make everybody feel that the highest type of American manhood and patriot- 
ism and energy has been centered in the shipbuilders of the United States. (Applause.) They 
have done their part and done it nobly; they have worked under the most trying circum- 
stances and with the greatest disadvantages, with a cruel winter last year (we have had none 
like it for many years) which delayed us many months, with a shortage of labor, and with 
new management and new work. It seemed to me that the conditions were such as to make 
large production well-nigh impossible. Yet, gentlemen, you will be glad to know that in 
the month of October we produced 410,000 deadweight tons of ships, and I think in the month 
of November we will pass our best prophecy of over 500,000 tons of ships. (Applause. ) 

Now, under all the conditions which have existed, this organization, this: Society, so 
largely represented by the builders of ships, is to be congratulated. As far as I am con- 
cerned, they not only have my sincere thanks, but they have my admiration—yes, they have 
my love for the loyal and splendid manner in which they have co-operated and for the way 
in which we have carried through this program. I have had nothing but the best service 
from every source. Troubles, of course, we have had. What great business does not have its 
troubles? But they have all been overcome and every one concerned has been filled with 
enthusiasm, and, Mr. President and Mr. Secretary, while we have been spurred on with the 
patriotic influence of endeavoring to supply our boys across the sea and have had all the 
pleasure that patriotism brings in the accomplishment of such a task, the real pleasure to 
us now is to know we are building ships that will transport to their homes and their 
mothers’ firesides boys that bring with them the victory that has made this great country what 
it is. (Applause. ) 

We built as a work of necessity to date; we now build as the work of love until we have 
brought these boys home, and how proud we should feel of them all. Is there one heart in 
this room that was not stirred by the Secretary’s description of what these boys have done? 
It is not the men who have built ships, however well and nobly their duty has been per- 
formed; it is not the boys who have made aeroplanes and guns, or anything else in the ser- 
vice whose names will be written on the golden pages of history ; but it is the boys who were 
in the trenches of Flanders, who have risked their lives, and in many cases made the supreme 
sacrifice, for their country, that deservedly shall have their names in our hearts, in our mem- 
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ories, and on the golden pages of the glorious history of this country. I thank you. (Loud 
applause. ) 


Tue ToasTMASTER :—First, I want to express in your behalf, gentlemen, the thanks of 
this Society and its guests to the Local Committee, Mr. William Griscom Coxe, Chairman, 
and Messrs. Henry A, Magoun, Joseph N. Pew, Jr., Richard H. M. Robinson, H. Birchard 
Taylor, and F. W. Wood, for these gentlemen have produced the setting of this magnificent 
function. Then I wish to express, as is usttal and most proper, our thanks to the secretary and 
his assistants. Finally, I want to introduce to you the President-elect, Rear Admiral Wash- 
ington Lee Capps. (Great applause. ) 
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ADDRESS OF PRESIDENT-ELECT WASHINGTON L. CAPPS. 


Mr. Chairman, Mr. Secretary, our distinguished guests, ladies and gentlemen, fellow- 
members, we have a tradition in this comparatively young Society which bids us not to at- 
tempt too much early morning work. So, in view of the hour, you need not be alarmed at 
the possible length of time I will detain you. 

This Society owes much to the city in which we are holding our “victory” banquet. 
In fact, it was here that it was born. It also owes to Philadelphia its first president, that 
gracious and distinguished gentleman to whom allusion has already been made, Clement 
Acton Griscom. And now we are having in Philadelphia our twenty-fifth anniversary meet- 
ing under circumstances which I need not describe,—you all know how felicitous they have 
been,—and this is by all odds quite the most successful annual banquet we have ever had. 

Our first president, in his inaugural address, said that he accepted the honor of the 
presidency, not as a personal tribute but rather as a recognition of the important interests 
over which he presided and which were so intimately connected with the art of shipbuilding. 
May I follow his lead, and, in all seriousness, say that I accept the tribute you have paid me 
in electing me as your president, not as a personal one but rather as a tribute to the pro- 
fession which we all love, and to the naval branch to which I have the honor to belong. 

But with your congratulations and good wishes I must ask your sympathy and help. From 
this time on this Society is in danger of dwelling in the clouds and becoming a dreaming 
branch of the aviation service. So many complimentary things have been said to-night about 
shipbuilders and naval architects, and the dreams so graphically described by our fellow- 
craftsman, Mr. Schwab, are so entrancing that I am very much afraid our members may try 
to navigate the skies instead of keeping their feet on this good old earth or sailing the seas 
in ships. So please bear in mind that for the next year my main task may be to keep you from 
flying. But I know you will obey and do your duty, as you have always done it. 

Now, gentlemen, for the real purpose of my arising to say anything. The success of 
this Society has always been due to the devoted efforts of its members, and particularly of 
those who have presided over its destinies from time to time. Your retiring president has 
had the unusual distinction of holding the office twice. Our constitution does not permit a 
president to suicceed himself, but there are ways in which we can get two terms out of one 
presiding officer, so that Commander Stevenson Taylor has been twice elected to the highest 
office in your gift. On the occasion of the completion of his first term of office his colleagues 
of the Council of the Society presented him with a silver souvenir. On this occasion they 
have given him the privilege of subscribing handsomely to our Endowment Fund. So. you 
see, he is a man dear to all our hearts—one who always appropriately responds to whatever 
occasion may arise. Now that he is about to relinquish the cares of office, I wish to be ac- 
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corded the very great privilege of joining with you in acclaiming our retiring president, and 
showing our appreciation of the continuous and splendid work he has done for this Society, 
and, through the Society, for our whole nation. Gentlemen, I ask you to rise and express your 


regard and esteem for our retiring president, Commander Stevenson Taylor. 


The entire company arose, amid great applause, and gave three cheers for Commander 
Taylor. 


PRESIDENT TayLor:—Admiral Capps did not tell you the whole story of the Council 
meeting on Wednesday. He only mentioned the small part I played in it. He tried to 
initiate about four years ago an endowment fund for this Society that would eventually grow 
to afford a sufficient sum so that we could do what we desired in the way of giving prizes, 
the entertainment of foreign guests, or what not, that might arise, which would otherwise in- 
volve an outlay for which individual subscriptions would have to be solicited. That scheme 
fell upon bad times—the war broke out, and shipbuilding fell down to 225,000 tons a year 
instead of 500,000 tons a month, and the matter was postponed until last Wednesday, at the 
Council meeting, when Admiral Capps brought up the subject again. We found that we had, 
by a ruling made a few years ago, about $18,000 already in the endowment fund, so he asked 
the members of the Council to make that at least $25,000, and they did that right on the 
spot. They have not asked any member outside of the Council for any contribution; your 
turn will come some time in the future. That, it seems to me, illustrated the deep thought and 
great interest in this Society that Admiral Capps has held for so many years, and I want 
to say that no other one man in this Society has given it so much personal, careful consid- 
eration. That is not known to the members at large, but is known to me, who have been 
close to him all these years—no man has given so much thought, which has been so well di- 
rected and borne such fruitful results in the advancement ot this Society, as Washington 
Lee Capps. (Applause. ) 

And now, gentlemen, I have two or three words of thanks to say to you all. I have en- 
joyed the work as president of your Society. Having worked particularly hard recently, I 
am naturally glad now to be relieved, but I will never lose my regard for this Society. 1 
will never decline to do anything I can to advance its interests and I will always hold in my 
heart charming memories of the very many, many friends I have made, friends that still stand 
by me to the end. (Prolonged applause. ) 

This meeting is adjourned. 


The company then dispersed. 


Deaths, 1918 


HARRY B. BLOOMSBURG 


ASSOCIATE 


THE RT. HON. EARL BRASSEY, G.C.B., D.C.L. 


HONORARY ASSOCIATE 


The death of Lord Brassey marked the passing of a man full of years 
and of high esteem. He was one of many who contributed so largely to the 
strides made during the last half cf the nineteenth century. To us he will be 
best remembered by his contributions to and interest in all that pertained to 
the sea.. A study of his life reveals, however, that his activities were many 
and his usefulness great. He was a charter member of our sister society in 
London and throughout his life contributed to its proceedings, besides serving 
on the Council and later as president. 

The late Earl Brassey was born in 1836, being the eldest son of Thomas 
Brassey, the great railway contractor, among whose many works were part of 
the Southwestern Railway and the first railway to be built in France, connect- 
ing Paris with Havre. 

He was educated at Rugby and University College, Oxford, where he 
took honors in Law and Modern History. In 1861 Lord Brassey (at the age 
of twenty-nine) unsuccessfully contested the parliamentary borough of Birk- 
enhead in the Liberal interest. Four years later he was elected member for 
Devonport, and sat for a few months until the dissolution of Parliament. 
The following year, at the general election, he was defeated by a narrow 
majority as candidate for Sandwich, and in 1868 was elected for Hastings, 
which borough he represented continuously for eighteen years. From 1880 
to 1885 he served in Mr. Gladstone’s Government, first as Civil Lord of the 
Admiralty and afterwards as Parliamentary Secretary of that department. 

In 1882-3 Lord Brassey published a comprehensive work in five volumes 


’ 


on “The British Navy: Its Strength, Resources, and Administration,” which 
dealt with the material side of the navy, its ships, its dockyards, and its sea- 
men. So great was the value of this publication that the author decided a few 
years later to issue a Naval Annual, and this publication, edited first by him 
and subsequently by his son (The Hon. T. A. Brassey, afterwards Lord 
Hythe), has now become a standard work with which his name will always 
be connected. The Navy Annual includes particulars not only of the British 
but of all the principal foreign navies, and upon it have been modeled 
numerous similar publications at home and abroad. 

The “one clear call’? which, above all others, predominated in his versatile 
nature was undoubtedly the call of the sea. From earliest boyhood it had 
exercised its fascination upon him, and when in later years the opportunity 
arose for yachting on the grand scale, it was the Sunbeam that became, not 
only his floating home for many a long and happy month and the nursery of 
his children’s early years, but it was the means of gratifying that love of travel 
and adventure which he shared with all the members of his family. The 
yachting habit had, however, been acquired long before the advent of the Sun- 
beam on the scene. As iar back as 1855, while still at Oxford, Lord Brassey 
had successively owned two cutters, the Zillah and Cymba, in which the first 
lessons of the sea were learnt with all the enthusiasm and glamor of ambitious 
youth. Next followed the Albatross, an iron-hulled schooner of 120 tons, in 
which a voyage to the Mediterranean was undertaken with not entirely happy 
results; for the prevalence of adverse winds and the difficulties of navigation, 
unaided by steam, were such that no further ventures were made in pure 
sailing yachts. It was at this time (1859) that the proud owner of this 120- 
tonner was elected to the Royal Yacht Squadron, of which he lived to be the 
oldest member. After the Albatross came the Meteor, a good-sized auxiliary 
schooner in which he undertook, as his own master and pilot, the difficult 
navigation to the Baltic, until the fogbound coast of Sweden made the services 
of a pilot indispensable. Lord Brassey was the first amateur yachtsman to 
obtain by examination a Board of Trade master’s certificate, and it is a proof 
of his undaunted courage, not unalloyed with some of the rashness of youth, 
that he forthwith undertook a task from which many a more experienced 
master might have shrunk. 

The classic “Voyage in the Sunbeam Round the World” (1876-7), by 
Lady Brassey, which was translated into nearly every language in Europe 
and reached an enormous public, tells its own tale of voyage and adventure, 
and brought a rich reward of experience and of lasting friendships. Tangible 
records were seen in the collections that soon grew into a veritable museum 
of souvenirs, of produce and workmanship in the hospitable mansion at Park 
Lane and the spacious rooms of Normanhurst. In both these homes Lord 


Brassey delighted in showing to all and sundry the treasures that had been 
thus brought together, and with a charm of manner which all who knew him 
will recall he would make the glass cases tell their own tale of far-off lands 
and bygone times. His final presentation of the Sunbeam to the Indian Gov- 
ernment as a hospital ship in the second year of the war (March, 1916) was a 
happy and generous token of unselfish patriotism. No more fitting use could 
have been found for the later days of that noble ship, whose long record of 
500,000 nautical miles under sail and steam, in fair weather and foul, was 
one of which he was justly proud. In a volume published only last year the 
life story of this famous ship was again given to the world as a fitting sequel 
to the earlier work by his first wife. 

Coming as he did from a stock that had, by sheer hard work and enter- 
prise, successfully carried through great public undertakings, Lord Brassey 
fully realized the importance of the part played by labor in the development 
of a nation’s resources. “Work and Wages,” which he first published as a 
sequel to the biography of his father by Sir Arthur Helps, was reprinted in 
later years with additions dictated by matured experience. The welfare of 
the working classes and the share to which they are entitled in the profits due 
to increased efficiency and output were strongly advocated in “Work and 
Wages.” “From the inexhaustible fountain of labor,” he wrote, “springs all 
that constitutes the wealth of nations.” The case for labor could not be put 
more strongly or concisely. The eternal “labor question” which confronts 
our industrial community constantly engaged his thoughts and attention, and 
many were the addresses which he gave on these social problems and their 
solution. The broad views of a mind fitted by nature to touch the sympathy 
and understanding of his fellow-men were a good foundation upon which to 
build in setting out to solve these thorny and difficult problems. Towards 
seamen in particular his sympathies were drawn by the common bond of sea 
service. The bluejacket, the man before the mast, the yacht hand, and the 
fisherman were to him all fellow-craftsmen whose outlook on life could be 
appreciated because it was understood. 

Lord Brassey was long impressed by the want of system in the training 
of boys for the position of officers in the mercantile marine. Education in 
stationary vessels such as the Worcester and the Conway having come to an 
end, boys had to pick up their practical knowledge as best they could in sea- 
going vessels of all kinds. Being convinced of the desirability of giving the 
boys further education and systematic training on board ocean-going sailing 
ships, Lord Brassey, with this object in view, inaugurated a scheme in 1890 
in conjunction with Messrs. Devitt and Moore, becoming’ part-owner of the 
Hesperus and Harbinger, large vessels trading to Australia. On board these 
ships, and others subsequently acquired, hundreds of cadets have for many 


years past been carried, the greater number of whom, after acquiring a good 
preliminary knowledge of seamanship and navigation, have passed the Board 
of Trade examination and obtained berths in well-known liners. 

Lord Brassey’s death was suitably recorded in the 1918 Transactions of 
the Institution of Naval Architects and our résumé of his life’s activities was 
taken from this authority; for a record of his services to his country and our 
profession it would be hard to find a more satisfactory source of information. 

Lord Brassey’s connection with this society dates from the year 1895, 
when he was elected an Honorary Associate by the Council of the Society. 

One by one the men who made the last half of the last century the nctable 
one it was are passing away, and we are proud to render our homage to them 
as they pass to the Great Beyond; to none can this homage be more justly 
paid, the knowledge of his life’s work cannot fail to inspire. 


GEORGE W. DICKIE 


VICE-PRESIDENT 


A leader of the profession passed away with the death, on August 16, 
1918, of George W. Dickie, one of the Vice-Presidents of the Society. He 
was born in Arbroath, Scotland, July 17, 1844. After the usual education 
in elementary schools, his professional training was obtained in his father’s 
shipyard and in the offices and shops of the North British Railway. 

He came to San Francisco in 1869, and from that time until his death 
was a prominent figure in engineering matters on the Pacific coast. He 
designed considerable machinery for the mines of the Comstock Lode and 
became manager of the Union Iron Works in 1883, holding that position 
until 1905. As will be noted, this period covered the birth and growth of 
the new navy of the United States, and in this work Mr. Dickie played a 
prominent part. Two of the ships turned out by him, the Oregon and the 
Olympia, will long hold a leading place in the memory of those familiar with 
naval affairs, but they were only two of a great many vessels built for the 
Navy. 

Mr. Dickie was thoroughly grounded in all the details of the profession, 


and under his management the work turned out was of a remarkably high 
class. The writer of this sketch served on one of the Union Iron Works 
vessels, and can testify to the splendid workmanship on the machinery of 
that vessel. The writer also was told by Chief Engineer Milligan of the 
Oregon, the man who made her famous, that his task was rendered much 
easier by the splendid workmanship which had been put upon the machinery 
of that vessel. 

Mr. Dickie was an original and courageous designer; and the pages of 
the Transactions have been enriched by the papers he contributed. He had 
been president of the Technical Society of the Pacific Coast and a member 
of the Council of the American Society of Mechanical Engineers, as well as 
a member of the Council and Vice-President of our own Society. Mr. Dickie 
inspired confidence and respect in all who came within the circle of his influ- 
ence, and was a highly valued friend of those to whom he gave his confidence. 


The Council and Members of The Society of Naval Architects and 
Marine Engineers in convention of this date, taking note of the death of 
Mr. George W. Dickie— 

“Resolved, That the Society desires to record its sorrow at the death of 
one of its Vice-Presidents, who was a leader of the profession and who had 
always taken an active interest in the Society. 

“Resolved, That we tender to his family our sincere sympathy in their 
great loss, and that we assure them of sharing in their pride in his splendid 
record of professional achievement. 

“Resolved, That these resolutions, with the accompanying notes of the 
career of Mr. Dickie, be inserted in the Transactions of the Society, and that 
a copy be sent to his family.” i 

STEVENSON TAYLOR, 
President. 
DANIEL H. COX, 
November fourteenth, 1918. Secretary. 


CHARLES R. HANSCOM 


MEMBER 


OH 


ROBERT LOGAN 


MEMBER 


Mr. Logan was born in Glasgow, Scotland, March 14, 1861. He was a 
graduate of the University of Glasgow and of the College of Science and Arts, 
Glasgow, winning the Queen’s Prize for mathematics at the latter college in 
1882. 

After graduating he became chief draftsman for the shipbuilding firm 
of Mansell & Aiken, Glasgow, Scotland. 

On June 14, 1888, he came to Canada as Superintendent of ‘Construction 
of Vessels for the Canadian Pacific Railway, locating at Owen Sound. After 
a number of years he opened an office with A. O. Rankin at Toronto, Canada, 
under the name of Logan & Rankin, as naval architects and marine engineers. 

He came to Cleveland, Ohio, in 1903, as general manager of the American 
Shipbuilding Company, which position he held until his resignation in 1910. 
Since 1910 Mr. Logan maintained an office in Cleveland, Ohio, as consulting 
engineer, which he operated until his death. 

Mr. Logan designed many of the largest freighters on the Great Lakes 
and was considered one of the ablest men in his line in that section. 

Mr. Logan was a Thirty-second Degree Mason, Mystic Shrine, Scottish 
Rite, and was also a life member of the Benevolent and Protective Order 
of Elks. 

He died in Cleveland, July 25, 1918. 


COMMODORE GEORGE W. MAGEE 


MEMBER 


Commodore George W. Magee (Commander, Engineer Corps, U. S. 
Navy, Retired) passed away December 8, 1917, at East Orange, New Jersey, 
amid the sincere regrets of a very large number of friends. He was born 
in New York City, February 1, 1840, and so was almost seventy-eight years 
of age at the time of his death. 

Commodore Magee was one of the fine products of the old order of 
marine engineers who may be said to have trained themselves, because in their 
early days there were few schools of engineering, and none of marine engi- 
neering, in this country. After the usual training in the public schools, he 


became an apprentice in the pattern shop of the Novelty Iron Works. He 
had great natural aptitude as a mechanic and engineer, soon became a skillful 
pattern-maker, and was promoted to the draughting room when he was eigh- 
teen. During his service in the draughting room, his talent as a designer had 
opportunity for development, and he had made the designs for important 
machinery before he was twenty-one, including the Pacific Mail Steamer 
Constitution, the largest vessel of that line. One of his contemporaries, in 
speaking of work done by him, credits him with designs for an overhung 


cylinder for stationary engines years before it became a common thing, and 


also the design of piston valves at an early date. He was also confidential 
assistant to Mr. Horatio Allen, president of the Novelty Works, making 
drawings, models, etc., for inventions and experiments. 

While he was at the Novelty Iron Works they were building certain 
machinery under the supervision of Admiral Isherwood, then a chief engineer. 
The latter was impressed with Magee’s ability and advised him to enter the 
Navy. Magee passed the entrance examination in November, 1860, and be- 
fore the breaking out of the Civil War he entered the Navy as a third assist- 
ant engineer, April 4, 1861. Incidentally, it may be remarked that this was 
the beginning of a friendship with Admiral Isherwood which lasted unbroken 
until the latter’s death. 

Knowing Magee’s ability as an engineer and designer, Isherwood, as 
Chief of the Bureau of Steam Engineering, had him detailed to that bureau, 
where he rendered excellent service in working out the designs of some of the 
famous machinery which has become so well known to all engineers through 
Isherwood’s “Experimental Researches in Steam Engineering.” His first 
efforts were in connection with the completion of the designs for the machin- 
ery of the Pensacola. He went to sea in that vessel and took part, under 
Farragut, in the passage of the forts below New Orleans, April 24, 1862. 
Later he resumed duty under Isherwood. 

Commodore Magee served as an assistant engineer and as chief engineer 
on numerous vessels of the Navy, ending with the monitor Miantonomoh. 
He was washed overboard from the deck of the Miantonomoh and barely 
escaped drowning. The result, however, of the exposure was a heart affec- 
tion from which he never fully recovered, and he was retired in June, 1893. 
He was detailed at the New York Navy Yard, the Continental Iron Works, 
and other places on shore duty; but that which perhaps gave him the greatest 
satisfaction was as a member of the Experimental Board of Engineers, of 
which Admiral Isherwood was the president. This board conducted a great 
many very valuable experiments, the results of which were published in the 
Annual Reports of the Bureau of Steam Engineering. Many of these are 


now classics, having been conducted with Isherwood’s extraordinary skill and 
care, and furnish a source of information to which engineers constantly recur. 

Notwithstanding his retirement, Commodore Magee retained his interest 
in engineering matters, and even towards the last of his days was planning 
improvements. The writer remembers a design which he submitted in his 
own beautiful draughtsmanship to the Navy Department for a protection to 
the base of turrets of our dreadnaughts. Incidentally, it may be remarked 
that he had preserved many of his drawings made in early days and recently 
presented them to the Engineering Department of Webb’s Academy. 

Commiodore Magee was a man of charming personality and had the social 
instinct, so that he maintained touch with all his old friends and was con- 
stantly making new ones. He was a member of the Engineers Club, where 
he frequently lived in the winter time, and was always a welcome addition to 
any group of members. He was a member of the Loyal Legion and took a 
very active interest in its affairs. He had been a member of our own Society 
from the very start and rarely missed one of the annual meetings. He was 
so well preserved that it will probably be a source of surprise to many who 
did not know him well to learn of his great age. 

What proved to be the last important act of his life had to be finished 
by others, on account of his last illness. As already stated, he had been a 
great friend of Admiral Isherwood, and, indeed, might be said to have been 
a worshiper. He had secured an admirable bronze bust of Isherwood and 
had arranged for its presentation to the Society of Mechanical Engineers at 
their meeting in December, 1917. His address of presentation was prepared, 
and everything ready, when he was stricken with what proved to be his last 
illness; and what would have been one of the greatest pleasures of his life 
devolved upon a younger engineer, also a devoted admirer of Isherwood, who 
read the commodore’s address, supplementing it with a few remarks of his 
own. 

Commodore Magee occupied a very warm spot in many hearts, and as 
he had constantly mixed with younger men, who all were very fond of him, 
it will be many years before his memory has entirely passed away. 


FRANK SERVICE MASTEN 


ASSOCIATE 


Mr. Masten was born in Goshen, Mahoning County, Ohio, October 16, 
1865. After the usual common school education he was graduated from 
Northeastern Ohio Normal College, at Canfield, Ohio. 

He was first employed in the legal department of the Big Four Railroad 
where he studied law. He entered the office of Harvey D. Goulder in 1893 
and was admitted to the firm of Goulder, Holding and Masten in 1898. In 
1910, with other members of this firm, he established the firm of Holding, 
Masten, Duncan, and Leckie, which connection he held at the time of his death. 

He specialized in maritime law and marine insurance and was widely 
known for his ability as an admiralty lawyer. He was closely identified with 
the progress of marine matters throughout the United States, and was par- 
ticularly active in promoting the interests of Great Lakes shipping. He was 
actively identified with the work of organizing the Lake Carriers’ Association 
when it was incorporated in 1903. 

Mr. Masten died January 4, 1918, beloved by all who had ever come in 
contact with him, either in a business or a social way. 


THOMAS S. MATHEWSON 


ASSOCIATE 


Mr. Mathewson was the eldest son of the late Thomas D. and Mary 
Stafford Mathewson. He was born in Rhode Island, but spent his early life in 
San Francisco, California. Later Mr. Mathewson came to New York and 
became an expert accountant. He is survived by a wife and two daughters. 

Mr. Mathewson died September, 1918. 


COMMODORE JACOB W. MILLER 


VICE-PRESIDENT 


The death of Commodore Miller, on March 9, 1918, removes the name 
of one of our few remaining Charter Members, as well as a familiar and 
popular personality at all of our meetings. He was born at Morristown, 
N. J., in 1847 and entered the United States Naval Academy in 1863, grad- 
uating, with credit, in 1867. He served in the Navy almost twenty years, 
resigning in 1884 with the rank of lieutenant. 

It is interesting to note, in view of the important work which he carried 
out during the last years of his life, that during his naval career he took part 
in the surveys of the Nicaragua route for an inter-oceanic canal. Upon 
leaving the Navy, he became general manager of the famous Fall River Line 
of steamers, and later vice-president and general manager of the New Eng- 
land Steamship Company. It was while engaged in this important work that 
he became one of the Charter Members of our Society; and it may be 
remarked that it was an essential part of the original plan of the Society to 
make it an organization for the men who operate vessels as well as for the 
men who design and build them. 

When the scheme for cutting a canal through Cape Cod began to take 
active shape, the projectors were fortunate in securing the services of Com- 
modore Miller as vice-president and general manager, owing to his work, 
already mentioned, in connection with the Nicaragua Canal. It is very grati- 
fying to know that he had the pleasure of bringing this enterprise to a suc- 
cessful conclusion, and to enjoy the satisfaction of its operation for several 
years before his death. 

Commodore Miller earned his title by the splendid work to which he 
devoted his spare time for many years, of organizing and perfecting the New 
York Naval Militia. His training and experience as a naval officer thor- 
oughly fitted him for this work; and his personal popularity enabled him to 
secure the cooperation in the early years of a number of younger men who, 
like himself, were graduates of the Naval Academy. Perhaps if he had been 
asked to select the work on which he would like his reputation to rest, it 
would have been the Naval Militia. 

Commodore Miller was a member of the Council from the earliest days 
of the Society and had been a vice-president for nearly ten years. He was 
devoted to the interests of the Society, a faithful attendant at all its meetings, 
and a frequent contributor to the Transactions, both by papers and by dis- 
cussions. He did not show his years, and it probably would be a surprise to 


those of the members who were not intimately acquainted with him that he 
was seventy years old at the time of his death. 


The Council and Members of The Society of Naval Architects and 
Marine Engineers in convention on this date in taking note of the death of 
Commodore Jacob W. Miller— 

“Resolved, That the Society hereby places on record its profound sorrow 
at the loss of one of its Charter Members who had been a vice-president for 
many years, and who had greatly contributed to the success of the Society 
by his activity and constant attention to.its interests. 

“Resolved, That it has been a privilege to be associated with Commodore 
Miller in the work of the Society and that we feel a deep sense of personal 
sympathy in their affliction while we congratulate them on the splendid and 
useful records made by our friend. 

“Resolved, That these resolutions, with the acccompanying notes of the 
career of Commodore Miller, be inserted in the Transactions of the Society, 
and that a copy be sent to his family.” 

STEVENSON TAYLOR, 
President. 
DANIEL H. COX, 
November 14, 1918. Secretary. 


COLONEL EDWIN AUGUSTUS STEVENS 


HONORARY VICE-PRESIDENT 


The Society has been peculiarly unfortunate during the past year in 
losing three vice-presidents, who were also among its oldest and most hon- 
ored members. The Society has, during its entire history, been very for- 
tunate in the devotion of a number of, prominent members of the profession 
who were with it from the beginning; and of these Colonel Stevens stands 
out as one of the most prominent and useful. He contributed papers fre- 
quently, and was always ready to take part in the discussion of those where 
his experience and ability enabled him to contribute data or to assist in the 
elucidation of a problem. 

Colonel Stevens was born in Philadelphia, March 14, 1858, and died in 
Washington, D. C., March 9, 1918. His talent as an engineer came to him 


by inheritance, as he was a member of the famous Stevens family, of which 
Col. John Stevens constructed the first successful twin-screw vessel; Robert 
L. Stevens designed the Stevens battery; and his father, also Edwin A. 
Stevens, founded Stevens Institute, which has turned out so many notable 
engineers. Curiously enough, Colonel Stevens did not take a technical course, 
but graduated at Princeton in 1879. His whole life, however, was given to 
engineering work, and he did some notable things, of which perhaps the most 
important was the substitution of the screw-propeller for the paddle-wheel in 
the ferryboats of New York Harbor. He was a pioneer in this work, and 
built the first screw ferryboat of the modern type, with a screw at each end. 
This vessel was the ferryboat Bergen, built in 1889. 

Colonel Stevens was interested in engineering matters in many ways, 
besides being president for a number of years of the Hoboken Ferries. He 
was for a time a member of the firm of ‘Cox & Stevens, Naval Architects 
and Engineers. He received the degree of Doctor of Engineering from 
Stevens Institute. 

In his earlier years he devoted considerable time to the militia of New 
Jersey, and his title of colonel was earned by the command of the Second 
Regiment of the National Guard of New Jersey. He had also been presi- 
dent of the New Jersey Commissioners of Palisades Park. 

For the last few years his duties as Commissioner of Roads and Bridges 
of the State of New Jersey had prevented his active work with our Society, 
but until that time he had been one of the most regular and useful attendants 
at the meetings of the Council and of the Society. He had been a vice- 
president for a great many years, and was made one of the Honorary Vice- 
Presidents in 1912. He was a member of the Institution of Naval Archi- 
tects of Great Britain, and had been Vice-President of the American Society 
of Mechanical Engineers. 

Colonel Stevens was a man of great personal charm, and it is safe to 
say that all who were honored with his friendship counted it a special privi- 
lege. It is interesting to note that the colonel’s son, and namesake, read his 
first paper before the Society at its twenty-first meeting, a fact which was 
commented upon at the time, as showing that the Society had come of age 
because the second generation was beginning to take an active part. 

The Council and Members of The Society of Naval Architects and 
Marine Engineers in convention on this date, taking note of the death of 
Col. Edwin A. Stevens— 

“Resolved, That the Society wishes to express its great sorrow at the 
passing of one of its most valued members, who had been a vice-president 
for many years and was an Honorary Vice-President at the time of his death, 
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and who had always devoted himself to the advancement of the interests of 
the Society. 

“Resolved, That appreciating the privileges of association with Colonel 
Stevens, his death comes to us all as the loss of a personal friend; and we 
tender to his family our sincere sympathy in their affliction, while we take 
pride with them in his fine and useful record. 

“Resolved, That these resolutions, with the accompanying notes of the 
career of Colonel Stevens, be inserted in the Transactions of the Society, and 
that a copy be sent to his family.” 

STEVENSON TAYLOR, 
President. 
DANIEL H. COX, 
November 14, 1918. Secretary. 


IGNATIUS E. THAYER 


MEMBER 


Ignatius E. Thayer was born on March 28, 1840. He served his appren- 
ticeship as ship’s carpenter in the Charleston Navy Yard, Boston. He and 
his cousin, Philip Hichborn (afterwards (Chief Constructor, U. S. Navy), 
were given a special course in draughting and vessel design, including calcu- 
lations pertaining to structure, stability, etc. He completed his apprenticeship 
in time to answer Lincoln’s first call for volunteers. After serving and receiv- 
ing his discharge he was requested to go to California to the Mare Island 
Navy Yard, where at that time it was thought probable that a number of 
government ships would be built. He arrived in the summer of 1862. 

In 1878, while on the Island of Tahaiti he bought the burned derelict, 
Ada Iredale, a British bark, for a small sum. This vessel was burned out 
completely. With hardly more than a blacksmith’s outfit, he rebuilt the 
vessel, which became the Annie Johnson, and is still in profitable service. 

In 1901 Mr.. Thayer bought the wrecked bark Pyrenees at the Island 
of Manga Reva, South Pacific, an English ship that had been burned at sea 
and beached in the lagoon of Manga Reva. He bought this vessel, fitted 
out a wrecking expedition, and accomplished a successful salvage. The 
Manga Reva became a very successful ship, making many Cape Horn voyages 
under the American flag. 
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In 1898 Mr. Thayer was appointed by the Government to appraise 
the Canadian sealing fleet and upon his appraisal the international adjust- 
ments were made. 

In the same year he designed and superintended the construction of 
the first wooden vessel built to carry oil in bulk. This was the barge Santa 
Paula, the first piece of shipping property owned by the Union Oil Co. In 
its day this undertaking was considered rather daring, but was completely 
successful in spite of the usual prophecies to the contrary. 

Mr. Thayer became Pacific coast inspector for the Bureau Veritas in 
1880 and held that position for thirty-two years. He resigned in 1913. He 
was a member of the Technical Committee of the Bureau Veritas and was 
retained as a member of it until his death. He had, also, been a surveyor 
for the Norwegian Veritas (Det Norske Veritas) for several years. 

Mr. Thayer died May 14, 1918, in his seventy-eighth year. 


JOHN D. VAN BUREN 
MEMBER 


Mr. Van Buren was born in New York City, August 18, 1838. He was 
a student in the Lawrence Scientific School at Harvard and graduated C. E. 
from Rensselaer Polytechnic Institute in 1860. He was assistant engineer 
on the Croton Aqueduct under Alfred Craven, 1860-61. He entered the 
Engineers’ Corps, U. S. N. (Regular), and served in the Gulf of Mexico 
and also in the Bureau of Steam Engineering, Navy Department, Washing- 
ton, D. C. 

Mr. Van Buren took part in the Peninsular and James River Campaigns, 
1862, and was on duty at the Naval Academy at Annapolis as assistant pro- 
fessor for four years. Was commissioned first-assistant engineer (lieutenant) 
on January 1, 1865. He resigned from the Navy in 1868 and was for several 
years under Gen. George B. McClellan, Department of Docks, New York 
City. He was one of the commissioners appointed by Governor Tilden to 
investigate the canals in 1865, and was State Engineer and Surveyor of 
New York, 1866-77. 

Mr. Van Buren was the author of numerous technical papers and a mem- 
ber of the New York Bar, American Society of Civil Engineers, American 
Society of Naval Engineers, and a member of this Society since its organiza- 
tion in 1893. 

Mr. Van Buren died on March 10, 1918. 


WILLIAM H. VARNEY 


MEMBER 


William H. Varney was born in Wolfboro, New Hampshire, April 19, 
1838. He was educated in the Boston High School, taking the Franklin 
Medal. He then went as apprentice in naval architecture to Samuel K. Pook 
in Medford and Boston. 

Mr. Pook went out of business before Mr. Varney reached his majority, 
which forced him to go into business for himself before he was twenty-one 
years of age. He established himself in a mould loft in East Boston, where 
during the next succeeding eight years he designed over five hundred ves- 
sels for the merchants and shipbuilders of Boston and vicinity, many of his 
vessels being prize winners on long ocean races. 

He designed the brig Novelty, which was the first tank vessel to carry 
fluid in bulk (molasses). 

He entered the U. S. Navy in 1869 as assistant naval constructor, his 
first assignment being Portsmouth, N. H. He was appointed to the rank 
of naval constructor in 1875. He continued in active service until the 
date of his retirement, April 19, 1900, when he was retired with the rank 
of captain, having reached the retiring age. 

He superintended the construction of many of the vessels which formed 
the nucleus of the new Navy in its transition from wood to steel. 

He became a member of the Society on its organization in 1893, and re- 
mained a member up until the time of his death, May 22, 1918. He leaves 
a widow and one son, William W. Varney, who is also a member of the 
Society. 


JOHN FRANK WENTWORTH 
MEMBER 


John F. Wentworth was born at Rochester, N. H., February 1, 1879, 
and received his preliminary education in the public schools of that town. He 
received his technical education in the Massachusetts Institute of Technology, 
being a graduate of the 1900 class of Naval Architecture and Marine En- 
gineering. 


On graduation he obtained employment as a shipfitter’s helper at George 
Lawley & Son, 1900-01, and during part of 1901 he was employed as a 
draughtsman in the Hull Department of the Fore River Shipbuilding Com- 
pany, working on structural work and hull fittings. During 1901-05 he was 
employed as a computer in the scientific branch of the Bureau of Construction 
and Repair, Navy Department. From 1905 to 1907 he was employed in the 
office of the superintending constructor, Quincy, Mass., on finished plan work, 
and from 1907 to the date of his death he was employed in the Boston Navy 
Yard on finished plans, general alterations, shop management, investigation of 
heat treatment, and other investigative and laboratory work, including manu- 
facturing and calibration of pyrometers. 

Mr. Wentworth was a pioneer in the heavy oil engine field and had 
numerous patents issued a few years before his death. He read two papers 
on the subject before this Society. 

Mr. Wentworth died on December 20, 1918. 
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To illustrate paper on “The De Lamater Iron Works—The Cradle of the Modern Navy,” 
by Holbrook lits John Porter, M. E., Visitor. 
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by Carlos deZafra, Esq., Associate. 


Site or A WoopEN Surpyarp AT TAcoma, WasH., Aucust, 1917. 


i 
; 


5 aS ; " rani E Plate 12 
Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918. To illustrate paper on “Revival of Wooden Slipbuilding as a War Industry,” ; 


by Carlos deZafra, Esq., Associate. 


Site oF Woopen Suipyarp, Tacoma, Wasu., Ocroser 15, 1917 


»den Shipbuilding as a War Industry,” 


val of War 


Associate. 


afra, Esq., 


Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918. Plate 15 


To illustrate paper on “Revival of Wooden Shipbuilding as a War Industry,” 


by Carlos deZafra, E-sq., Associate. 


KNEES. 


HIPS 


MACHINE SURFACING OF S 


Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918s. Plate 16 


To illustrate paper on “Revival of Wooden Shipbuilding as a War Industry,” 
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To illustrate paper on “Revival of Wooden Shipbuilding as a War Industry,” 
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To illustrate paper on “Revival of Wooden Shipbuilding as a War Industry,” 
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To illustrate paper on “Revival of Wooden Shipbuilding as a War Industry,” 
by Carlos deZafra, Esq., Associate. 
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To illustrate paper on “Application of Buoyancy Boxes to the Steamship Lucia for the United 
States Shipping Board,’ by William T. Donnelly, E:sq., Member. 
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To illustrate paper on “Application of Buoyancy Boxes to the Steamship Lucia for the United 
States Shipping Board,” by William T. Donnelly, Esq., Member. 
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To illustrate paper on “Progress in Turbine Ship Propulsion,” 
by Francis Hodgkinson, Esq., Visitor. 
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To illustrate paper on “Progress in Turbine Ship Propulsion,” 
by Francis Hodgkinson, Esq., Visitor. 
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To illustrate paper on “Progress in Turbine Ship Propulsion,” 
by Francis Hodgkinson, Esq., Visitor. 
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To illustrate paper on “Progress in Turbine Ship Propulsion,” 
by Francis Hodgkinson, Esq., Visitor 
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by Francis Hodgkinson, Esq., Visitor. 
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To illustrate paper on “Progress in Turbine Ship Propulsion,” 
by Francis Hodgkinson, Esq., Visitor. 
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To alustrate paper on “Progress in Turbine Ship Propulsion,” 
by Francis Hodgkinson, F-sq., Visitor. 
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To illustrate paper on “Progress in Turbine Ship Propulsion,” 


by Francis Hod 


gkinson, Esq., Visitor. 
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To illustrate paper on “Notes on Launching,” 
by William Gatewood, Esq., Member. 
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To illustrate paper on “Notes on Launching,” 
by William Gatewood, Esq., Member. 
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To illustrate paper on “Notes on Launching,” 


by William Gatewood, Esq., Member. 
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To illustrate paper on “Notes on Launching,” 
by William Gatewood, Esq., Member. 
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To illustrate paper on “‘Notes on Launching,” 
by Wiliam Gatewood, Esq., Member. 
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To illustrate paper on “Notes on Launching,” 
by William Gatewood, Esq., Member. 
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To illustrate paper on “Notes on Launching,” 
by Iilham Gatewood, Esg., Member. 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,’ by Frank E. Kirby, 
Esq., Honorary Vice-President, and Edward Hopkins, E-sq., Member 
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To illustrate paper on “Side Launching of Skips on the Great Lakes,” by Frank E. Kirby, 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,” by Frank E, Kirby, 
Esq., Honorary Vice-President, and Edward Hopkins, Esq., Member. 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,” by l’rank E. Kirby, 
Esq., Honorary Vice-President, and Edward Hopkins, Esq., Member. 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,” by Frank E. Kirby, 
Esq., Honorary Vice-President, and Edward Hopkins, Esq., Member. 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,” by Frank FE. Kirby, 
Esq., Honorary Vice-President, and Edward Hopkins, Esq., Member. 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,” by Frank E. Kirby, 
Esq., Honorary Vice-President, and Edward Hopkins, Esq., Member. 
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To illustrate paper on “Side Launching of Ships on the Great Lakes,” by Frank E, Kirby, 
Esq.. Honorary Vice-President, and Edward Hopkins, :sq., Member. 
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To illustrate paper on “Structural Steel Standardised Cargo Vessels,” 
by Henry R. Sutphen, Esq., Member. 
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To illustrate paper on “Structural Steel Standardised Cargo Vessels,” 
by Henry R. Sutphen, Esq., Member. 
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To illustrate paper on “Experiments Upon Simplified Forms of Ships,” 
Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918. by Professor Herbert C. Sadler, Member of Council. Plate 87. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918. by Professor Herbert C. Sadler, Member of Council. Plate 88. 
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To illustrate paper on “Experiments Upon Simplified Forms of Ships,” 


by Professor Herbert C. Sadler, Member of Council. Fig. 8. 
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To illustrate paper on “Experiments Upon Simplified Forms of Ships,” 


by Professor Herbert C. Sadler, Member of Council. 
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To illustrate paper on “Experiments Upon Simplified Forms of Ships,” 
by Professor Herbert C. Sadler, Member of Council. 
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To illustrate paper on “Experiments Upon Simplified Forms of Ships,” Fig. 13. 
by Professor Herbert C. Sadler, Member of Council. 
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To illustrate paper on<‘Variations of Shaft Horsepower, Propeller Revolutions, and Propul- 
sive Coefficient with Lonyttudinal Position of the Parallel Middle Body in a Single Screw 
Cargo Ship,” by Naval Constructor William Mctintee, U. S. N., Member. 
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To illustrate paper on “Variations of Shaft Horsepower, Propeller Revolutions, and, Propul- 
sive Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 


Cargo Ship,” by Nawal Constructor William McEntee, U. S. N:, Member. 
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To illustrate paper on “Variations of Shaft Horsepower, Propeller Revolutions, and, Propul- 
sive Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 
Cargo Ship,” by Naval Constructor William McEntee, U. S. N., Member. 
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To illustrate paper on “Variations of Shaft Horsepower, Propeller Revolutions, and Propul- 
sive Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 
Cargo Ship,” by Naz ‘al Constr uctor William McEntee, Uz oe N, Member. 
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To illustrate paper on “Vartations of Shaft Horsepower, Propeller Revolutions, and Propul- 
sive Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 
Cargo Ship,” by Naval Constructor William McEntee, U.S. N., Member. 
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To illustrate paper on “Variations of Shaft Horsepower, Propeller Revolutions, and Propul- 
sive Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 


Cargo Ship,” by Naval Constructor William Mctintee, U. S. N., Member. 
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To illustrate paper on “Variations of Shaft Horsepower, Propeller Revolutions, and Propul- 
sive Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 
Cargo Ship,” by Naval Constructor William McEntee, U. S. N., Member. 


CUrves de Swart Horse Power, RPM. | 


za en 
FOR| 4090 FT. CARGO SHIP!. | | 
ITH VAR JABLE LOCATION oF PARALLEL Mippie Bony . 


PREADTH= 2D Py he ! FP LA MEN DN 
LENGTH OF PARALLEL Mippi§ Booy=|133.6 jor 334 % oF |ToTAL LenGrH 


[mopei| CENTER oF PaRALLEL| Lenery oF | Lehcraor | sled onal 
ae opy FHOM FP.) ENTRANCE RUN TRIM. 4 | 
N PERGENT OF |LENGTH) In BEAms. | IN BEAMS. H 

0 ae eka 


B a APPEWDAG 
EAE re ie ae hee ea 


+ 


LE For EFfrici 


Cc 
O 


mY} 


: 


= Horse Po 


CALE FO 
AB Mths. 


FIG.7 
E = : D : 
Scare roR SPEED IN KNOTS 


THE NORRIS PETERS CO., WASHINGTON, D.C 


SOV Shalt JByQV Os AoN era gnigarl oninn Mh bun ‘Seniok, Sore Ne 
| ajar ban wrasse vollsqott SUSHI ST AO Vole to amortoren sd” wo “9404, ian oT 
grave obyst?2, oF cbotl abhi M isin sy alt 7 jo nolto lniibutigio, A situs br \rois@jaeD guiz.. 
| asdmo lh WZ 0) osteEl Wael vosaretustoy sao ed qale, al 


MAREK cere 
/ eps es Saal MAA pH enol! Taane sb 2avs fe) | 


' Jeune Gp AD “3 00> “R04 
{ - 1, aod geri Suir pigy sa rans be-atatd 


[ “ , PELE ¢ 
| sks 


® ws Cp isg’ ia. 
F a ° T Gr a a 
| h 
: 4 
= r 
: Sy, 
So AO | eS a ery A pie a, ey Bei _- 
- he a ke > = 
o Me SS, F 


i. Serer ATO a0 ge 


. ee et 
ea as = = =P 
: 
| | 


He 


“Hie 
a 


we 


ee 
ie ie 


7 


ec 4ae 


me 


i 
; 


cA 
aur 
Oe: 


f 
Jf, 


LA) 


‘ab 


eee, OME ena | Lene te Or aa 


rent to eee te 


if.2 a 


“3a Lecamtenaat aoemareewianiy ayn 


Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1978, Plate 103. 


To illustrate paper on “Variations of Shaft Horsepower, Propeller Revolutions, and Propul- 
stve Coefficient with Longitudinal Position of the Parallel Middle Body in a Single Screw 
Cargo Ship,” by Naval Constructor Wiliam McEntee, U. S.N., Member. 
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lo illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 


by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Shtp,” 
by R. J. Wig, Esq., Visitor. 


THE NORRIS PETERS CO., WASH., D. C, 


TypicaAL TRANSVERSE Section oF 7,500-Ton Concretr Or TANKER. 


Plate rr7 


doi, lospVi visinod aw01t os 


Ui 


yodod sinctallt of 


HO 


ae 
PN ALA 


At 


iW sieeeth hinn 293i 


fC pRatiy 
e 


r 
. 


ATi DT 
ry wee 


Nolet 


LQt. Os 46" 


% 
“tale. stone 0 ant YG 


SURRY 


A 2 


4 . le . 
* e 


ie a 


a eeca 


EVE CSEQES UEVECCELESSS 
ULSEc VER SCeRTORRERERS 
SEEERACRERS LEVSE EERE 
PPvaE cuth ie Pee tas ts 
RPERERES . SURE ESET 
GAREROF CER MTOULAGELE 
teivige 


i: Bete 
me 


2. Mea ot natn Zinn sit 


‘gguwkT 310 araxo“oD “oT-O02X yo “oitoae wesayanastT secrevT 


Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918. Plate 118 


To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. aT BE i. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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“Present Status of the Concrete Ship,” 


To illustrate paper on 


by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 


Prormez 2,500-Ton Concrete ScHooner Riccep Coat Barge, 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To ulustrate paper on “Present Status of the Concrete Ship,” 
by R. J. Wig, Esq., Visitor. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, [-sq., Member. 


SPECIMENS OF Spot WELDED ATTACHMENTS MADE BY THE GENERAL ELEcrric COMPANY. 
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To illustrate paper on“ The Application of Electric Welding to Ship Construction,” 
by FT. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 


Fic. 1—Gar Porrastr Spor WELDER. 


Fic. 2—Hatr or Douste V in %-INcH SHIP 
Prates, AUTOMATICALLY WrLpED AT THE RATE 
or 15 Freer Per Hour. 
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Yo illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esg., Member. 


.KIND- OF: WELD. 


symBot' &° A TACK weld is applying the welding mt- 
erial in smsll sections to hold two edges to 
gether, and should always be specified by giving 
the SPACE from center to center of weld and the 
LENG?H of the weld itself. No particular 
"Design of weld" is necessary of consideration. 
& TACK is algo used for temporarily hoid- 
ing material in place that is to be solid. 
ly welded, until the proper aligment and 
bositicn is obtained, and in this case, neither 

the LEIXTH, SPACE, or DESIGN OF WELD are to be 
specified. 


A CAULKING weld is one in which the density 
of the crystaline metal, used to close up the 
seam or opening, is such, that no possible 
leakage is visible umier a water, oil or air 
pressure of 25 lbs. per square inch. The ulti- 
mate strength of a caulking weld is not of mat= 
erlal importance,- neither is ths “Design of 
weld” of this kind necsssary of consideration. 
3 The operator mst be the judge in the number 
of layers needed for a tight weld, although the 
designer should specify a minimum amount of 
laverse 


STRENGTH symBou' & A STHSNCGTH weld is ono in which the sec- 
tional area of the welding material nmast be so 


considered that its tensile strength and el= 
ozgation per square inch must be equal at. least 
80% of the ultimate strength per square inch of 
the surrounding material. {To be determined 
and specified by the designer}. The welding 
material can be apolied in any munber of layers 
beyond s minimmm specified by the designer. 
ZB The density of the orystaline mstals is 
NOT of vital importance. In this form of weld, 
the "Design of weld” mst be specified by 
the desiener ard followed by the operator. 


4 QMPOSITE weld is one in which both the 
strength and density sre of the most vital im~ 
portance. The STRENGTH must be at least as 
specified for a "strength weld", ami the 
density mist meet the reguirements of 2 
"Caulking weld" both as above defined. The 
minimum mumber of layers of welding material 
mst always be specified by the designer, but 
tha welder mst be in a position ic know 
if this mamber mst be increasci eccoming 
to the welders working conditions. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esg., Member. 


eo iS 
STR AP aa @) STRAP weld is is a8 which the seam of two 


adjoining plates or surfaces is reinforced by 
any form or shape to ald strength and stability 
\ to the joint or plate, In this form of weld 

A> the seam can only be welded from the side of the 
work oppesite tno reinforeanent, and the rein- 
forsement of whatever shape umat be welded from 
tha slide ef the work to whioh the veinforceanont 
is applied. 


BUT? weid is one in which two plates or 
surfases are brought together edge to edge and 
welded slong the seam thas formed. The two 
plates wher so welded, fora a perfeotly flat 
plane in themselves excluding the possible 
projective caused by other infividual objects 
as frames, straps, stiffeners, otce, oF 
the building up of the weld prover. 


LAP weld is one in which the edges of 
two plates are set one above the other and the 
welding ueterial se applisd as to bind the edge 
of one plate te the face of the other plete. 
In this foma of weld the seam or lap forms 
& raised surface along ite entire extent. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, E-sq., Member. 


Fic 1—Four-Arc D. C. Moror GENERATOR SET. MANUFACTURED BY 
Tue GENERAL ELEctRIc Co. 


Fic. 2—“Navac” Tyre One-Arc D. C. Motor GENERATOR SET. MANUFACTURED BY 
Tue Witson WELDING AND Metats Co. 
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To illustrate paper on“ The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 


One-Arc A. C. STATIONARY TRANSFORMER. MANUFACTURED BY 
Tue Exvecrric Arc CuttinG AND WELDING Co. 


i Reta} i , 


Transactions Society Nawal -Irchatects and Marine -ngineers, Vol. 20, 1918. Plate 


To illustrate paper on’ The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 


Etecrric Arc WeripiInc EquipMENT, SUPPLIED BY THE Quasi Arc WELTRODE Co. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 

by H. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 


ScHoor For Erecrric Arc WELDERS ESTABLISHED BY THE EMERGENCY FLEET CoRPORATION AT THE PLANT 
or THE GENERAL ELectric COMPANY, SCHENECTADY, N. Y. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by A. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 


by A. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on“ The Application of Electric lelding to Ship Construction,” 
by H. Jasper Cox, Esg., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 


ATTACHMENT OF OTTER EXTENSION TO STEM, 


b 
ae 


vray 


Transactions Society Naval Architects and Marine lLngineers, Vol. 26, rors. Plate 140 


Vo illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on“ The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Meinber. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on“ The Application of Llectric lVeld.ng to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esg., Member. 
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To illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by Hf. Jasper Cox, Esq., Member. 
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Yo illustrate paper on “The Application of Electric Welding to Ship Construction,” 
by H. Jasper Cox, Esq., Member. 
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To illustrate discussion by H. M. Hobart, Esy., Visitor, on paper on 
tric | Sibel to salt Construction,” 


Plate 158. 


“The Application of Elec- 
by H. Jasper Cox, Esg., Member. 


Pp saps oh elo 
mee |B | 
S =) 
_ Sa 
Pst a 12k | 
8000 IN 
Pe 
00dn 
_ SRR 
2000 © 
SS 
Boe. | 
Mri th tte SE 
ee | | N 
ee 
SOQ0) 
Reale | rs 
ae RCE a ete 
TN eRe Ne RRS eH 
000 & ay, 
Reo: N Coe aes 
S 
BREE a PHP rE 
= ae: Poe er eee ae cE 
aeneae Be Che ae) 
i =| 
PANTS | | Bl ue (i ae 
Pe | 
laa ® |_| LIN 
200) AD h 
SE 4 ee SE a 
RST a ae 
Pe ; 
3 
[le eae ae ee: 
ce: esas ef el pt eli: 
a 
& 
= 
[ae a a Pe a 
EOD 3 
CoE Bee SH iit il : 
=z 
E000 = 
ri a Sa ee 
a - 
2000 m \ i] 
3 <a ne wh ig : 
000 S iN W409) » a 
a ea ae ee ee 
peeled | fF \ : 
8 
| SSS ae Sets eee aera: 
« 
eS ae Se 
a 
BERR) Roeser ts 
uu 
Fa 
ee eee ee 


THE NORRIS PETERS CO,, WASH., D.C. 


QS, ontve M. Hap atostitlowb, inon yisigo’, anoitanennyT | 


BLOr OS OM zcgesti 


vorowidgh. af T" sto vadng to ote patl ‘andob Mod noianneth stovtanlls oT a 


33 4 Bs) 


a, t 
) 
J y 
a J - : 
4 1 ; 


i 
: a 
“ 
fi 


“ wostaetizne D qin ot gatble if sit 


D ssqznl A yd 


x2 
Ei ECPSELH| 


MBRGASS ase Be: 
a ines sae 
pee ee eee 


GNOreViIE DFTIM) ASM LM POAT IEM2Use YoAdMos omTIaUa JARS 


ssdins ML 2A Lo 


Transactions Society Naval Architects and Marine Engineers, Vol. 26, 1918. 


Plate 159. 
To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard it in the World,” 
by 


Plate 169 
WH. Blood, Jr., Esq., Visttor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by IV. H. Blood, Jr., Esq., Visitor. 


Looxine East rrom Way No. 1, SHowrne Forest or Derrick Masts. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. FH. Blood, Ji-., Esq., Visitor. 


1, 11 P.M. 


TypicaL NicHt LicHtinc or SHrpways, Grour No. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,’ 
by W. H. Blood, Jr., Esq., Visitor. 


GENERAL View NorrHrast rrom Way No. 1, 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 


LAyinG First Keer, Way No. 1, Grour No. 1, NortHwest rrom Marn Warr. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 


Way No. 19. Hutt No, 507. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 


View NorrHwest to ExTrREARE SHORE Bounp. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 


East rrom Main WHarr. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World,” 
by W. H. Blood, Jr., Esq., Visitor. 


GENERAL River ViEw oF SHrpwAys NortTHEAST FROM Main WHARF. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the lVorld,” 
by W. H. Blood, Jr., Esq., Visitor. 


WorKMEN GATHERED AT ADMINISTRATION Bui_pING To Hear SPEECHES BY Dr. EATON AND CORPORAL STREET. 
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To illustrate paper on “Hog Island, the Greatest Shipyard in the World.” 
by IV. H. Blood, Jr., Esq., Visitor. 
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